





















Dynamic Trade Liberalization Analysis:
Steady State, Transitional and Inter-
Industry Effects

























Aihi t @ *L?} t|@?_?} @U@_i4U |h@_|L? Lu t?} UL4T|@M*i }i?ih@* i^*Mh4 EB,
4L_i*t |L t|_) |i igiU|t Lu ThLTLti_ U@?}it |L N5 |h@_i TL*Uit￿ L*U) 4@!ihtc tU
@t |i N?|i_ 5|@|it Ah@_i +iThiti?|@|ic @i @*tL hi*i_ i@*) L? |t |)Ti Lu @?@*)tt
i? i@*@|?} |i iU@U) Lu N5 |h@_i TL*U) At t _i |L |i u@U| |@| B, 4L_i*t
U*i@h*) _L4?@|i |ih @?@*)|U@* h@*t @t @ TL*U) |LL* 6Lh i @4T*ic B, 4L_i*t @hi @M*i
|L @?@*)3i |h@_i *Mih@*3@|L? ?L*?} 4Lhi UL?|hit @?_ UL44L_|it |@? t ui@tM*i
| i t|?} @?@*)|U@* 4i|L_t W? @__|L? |L |tc B, 4L_i*t @hi @||h@U|i MiU@ti
|i) 4@!i t@hT Thi_U|L?t @ML| |i 4T@U| Lu TL*U) U@?}itc *i |ih @?@*)|U@*
UL?|ihT@h|t @hi Lu|i? @4M}Lt @ML| |i _hiU|L? @?_ 4@}?|_i Lu U@?}it ? ThUit
@?_ ^@?||it
#itT|i |ih UL4T*i |) i t|?} B, 4L_i*t }?Lhi 4@?) ui@|hit Lu |i hi@* Lh*_
|@| @hi Tih|?i?| uLh |h@_i TL*U) @?@*)tt Ai 4@? *4|@|L? Lu B, 4L_i*t t |@|
|i) @hi t|@|Uc U 4i@?t |i) }?Lhi |hii 4TLh|@?| _)?@4U UL?ti^i?Uit Lu |h@_i
*Mih@*3@|L? 6ht|c t|@|U 4L_i*t *4| |i Lh*_ tTT*) Lu U@T|@* |L |@| @@*@M*i ?
|i Thi*Mih@*3@|L? t|i@_) t|@|i AihiuLhic t|@|U i*u@hi @?_ L|T| }@?t @ttLU@|i_
| *Mih@*3@|L? UL4i uhL4 @ hi@**LU@|L? Lu U@T|@* @UhLtt tiU|Lht @?_ UL?|hit 5|@|U
4L_i*t }?Lhi |i u@U| |@| U@T|@* @UU4*@|L? t }i?ih@**) 4Lhi iUi?| ?_ih uhii
|h@_ic MiU@ti |@hgt L? _h@M*i }LL_t @hi itti?|@**) @ |@ L? ?it|4i?|c @?_ |ihiuLhi
?_iht|@|i |i TL|i?|@* i*u@hi @?_ L|T| }@?t |@| @UUhi uhL4 |h@_i *Mih@*3@|L?
5iUL?_c t|@|U |h@_i 4L_i*t h*i L| |h@_i ? ?@?U@* @tti|t M) hit|hU|?} ?@|L?@*
Uhhi?| @UUL?|t |L Mi 3ihL Aiti hit|hU|L?t @*tL *i@_ B, 4L_i*t |L ?_iht|@|i |i
i*u@hi igiU|t Lu |h@_i *Mih@*3@|L?c t?Ui ?|ih?@|L?@* U@T|@* Lt tihi |hii M@tU
ThTLtit U _hiU|*) h@ti ?@|L?@* @?_ ?|ih?@|L?@* i*u@hiG M) |h@_?} ?|ih?@|L?@*
@tti|t @}i?|t U@? @Uii @ }ih *ii* Lu i*u@hi M) 4@?|@??} t4LL| UL?t4T|L? T@|t
*i ?_ih|@!?} 4@Lh U@T|@* ?it|4i?| @?_ tiU|Lh@* hi@**LU@|L? Lu u@U|Lht uL**L?}
4Vhh/ iru h{dpsohv/ wkh uhfhqw frqihuhqfh yroxphv rq QDIWD e| Juhhqzd| dqg Zkdooh| +4<<5,/ Oxvwlj/
Ervzruwk dqg Odzhuhqfh +4<<5,/ Iudqfrlv dqg Vklhoov +4<<7,/ dqg vxuyh| e| Nhkrh dqg Nhkrh +4<<7,1
|h@_i *Mih@*3@|L?( ?|ih?@|L?@* U@T|@* Lt @**L uLh 4Lhi h@T_ @_t|4i?| |L |i ?i
TL*U) i?hL?4i?|( @?_ M) |h@_?} ?|ih?@|L?@* @tti|t @}i?|t U@? @Uii @ 4Lhi iUi?|
@**LU@|L? Lu hitLhUit @UhLtt UL?|hit
6?@**)c t|@|U 4L_i*t *4| |i @?@*)tt Lu uhii |h@_i @}hii4i?|t |L @ UL4T@htL? Lu
t|i@_) t|@|it 5TiUU@**)c |i) ThL_i @ UL4T@htL? Lu |i Thi*Mih@*3i_ iUL?L4) @?_
|i *Mih@*3i_ iUL?L4) @u|ih | ti||*it |L |t ?i *L?}h? T@| Aiti 4L_i*t Lgih ?L
it|4@|i Lu |i *i?}| Lu |4i | |@!it |L 4Li |L |i ?i t|i@_) t|@|i Lh |i T@| Lu
@_t|4i?| Lhi 4TLh|@?|*)c |i) }?Lhi @_t|4i?| ULt|t @ttLU@|i_ | hi@**LU@|?}
*@MLh @?_ U@T|@* M) 4T*U|*) @tt4?} |@| u@U|Lht Lu ThL_U|L? @hi TihuiU|*) 4LM*ic
ML| ?@|L?@**) @?_ ?|ih?@|L?@**)
Ai LMiU|it Lu |t T@Tih @hi ML| 4i|L_L*L}U@* @?_ @TT*i_ ? |i 4i|L_L*L}
U@* uhL?|c W _ii*LT @ ^@?||@|i 4*|tiU|Lh _)?@4U }i?ih@* i^*Mh4 E#B, 4L_i*
U LihUL4it 4@?) Lu |i ?hi@*t|U @tt4T|L?t Lu t|@|U B, 4L_i*t @?_ |i *4|@
|L?t Lu @}}hi}@|i _)?@4U t|_it Lu |h@_i *Mih@*3@|L? Etiic uLh i @4T*ic UkMM? @?_
5@*@|Lhi bbDc @?_ @?Uit|ih @?_ UkMM? bbD W _L |t M) 4@hh)?} |i _)?@4U
ui@|hit Lu L?i tiU|Lh ?|ih?@|L?@* |h@_i 4L_i*tc ?L TLT*@h ? |i t|_) ?|ih?@|L?@*
Mt?itt U)U*itc | |i 4*|tiU|Lh U@h@U|iht|Ut Lu t|@|U B, 4L_i*t Ai hit*|?}
4L_i* @**Lt uLh i?_L}i?Lt U@T|@* @UU4*@|L?c i T*U| u@U|Lh @_t|4i?| ULt|t @?_
?|ih?@|L?@* |h@_i ? ?@?U@* @tti|t W? @__|L?c _t@}}hi}@|?} |i iUL?L4) ?|L ?_t
|hit @**Lt uLh i T*U| _)?@4U @?@*)tt Lu |i ?|ihtiU|Lh@* hi@**LU@|L? Lu hitLhUit |@|
t Ui?|h@* |L |i |h@_i TL*U) _iM@|i
) 4L_i**?} @TThL@U t t4*@h |L i@h*ih #B, @?@*)tit M) BL*_ih @?_ ,Ui?}hii?
Ebb2 @?_ UkMM? @?_ `*UL i? EbbD Aihi @hi Liih t}?U@?| _gihi?Uit ? |i
@) |iti t|_it 4L_i* LtiL*_ Thiuihi?Uit W @**L uLh i*@t|U *@MLh tTT*)c *i |i
i@h*ih t|_it *4| |ih @?@*)tt |L |i U@ti Lu ?i*@t|U *@MLh tTT*) ?L|ih t}?U@?|
@hi@ Lu _iT@h|hi t |i @) |iti t|_it 4L_i* @_t|4i?| ULt|t W? |i Uhhi?| T@Tihc W
@**L uLh ULt|t @ttLU@|i_ | @_t|?} |i *ii* Lu |i @}}hi}@|i U@T|@* t|LU!c @?_ ULt|t
@ttLU@|i_ | tiU|Lh@* hi@**LU@|L? Lu U@T|@* Ai i@h*ih T@Tiht UL4M?i_ |iti 4@h}?t
2W @*tL i |i?_ |i @?@*)tt M) @**L?} i T*U| tiU|Lh@* *@MLh @_t|4i?| ULt|t
? |i @TT*i_ uhL?|c W ti |i 4L_i* |L i@*@|i |i TLt|i @?_ ?Lh4@|i igiU|t Lu
|i Lh| 4ihU@? 6hii Ah@_i }hii4i?| E6A At @__t |L L|ih #B, t|_itc
tU @tc BL*_ih @?_ ,Ui?}hii? Ebb2 L t|_) ?*@|ih@* *Mih@*3@|L? ? |i uLh4 Lu
|i i*4?@|L? Lu @** N5 |@hgt @?_ ?L?|@hg M@hhihtc @?_ UkMM? EbbH L uLUtit
L? |i TL|i?|@* igiU|t Lu hi}L?@* |h@_i *Mih@*3@|L? M) t|_)?} |i i*4?@|L? Lu |@hgt
|? |i t@? @UU ,UL?L4U L?uihi?Ui E, Lhi t}?U@?|*) |i Uhhi?|
T@Tih 4@!it @? 4TLh|@?| 4i|L_L*L}U@* UL?|hM|L? |L |i t|_) Lu 4*|*@|ih@* |h@_i
*Mih@*3@|L? M) Lgih?} @? i T*U| i*u@hi @?@*)tt Lu @ hi}L?@* |h@_i @}hii4i?| W?
T@h|U*@hc W ThL_i it|4@|it Lu ML| |i t|i@_) t|@|i }@?t Lu hi}L?@* |h@_i *Mih@*3@|L?
@?_ |i |h@?t|L? ULt|t @ttLU@|i_ | 4L?} |L |t ?i *L?}h? i^*Mh4
Ai hi4@?_ih Lu |i T@Tih t Lh}@?3i_ @t uL**Lt 5iU|L? 2 _itUhMit |i t|hU|hi Lu
4) 4L_i* 5iU|L?  _tUttit 4L_i* U@*Mh@|L? @?_ L|ih _@|@ ttit 5iU|L? e hiTLh|t
4L_i* t4*@|L? hit*|t 5iU|L? D UL?_U|t @? i |i?ti ti?t||) @?@*)tt Lu |i 4L_i*<t
!i) T@h@4i|iht Ai T@Tih UL?U*_it | tiU|L? S<t t44@h) Lu |i T@Tiht 4@? ?_?}t
@?_ t}}it|L?t uLh u|hi hiti@hU
2 Ai 4L_i*
Ai 4L_i* _ii*LTi_ ? |t T@Tih UL4M?it |i 4*|tiU|Lh U@h@U|iht|Ut Lu t|@|U B,
4L_i*t | |i _)?@4U U@h@U|iht|Ut Lu L?i tiU|Lh ?|ih?@|L?@* Mt?itt U)U*i 4L_i*t2
L?|hit @hi tLh|i_ ?|L |L }hLTt Ai Lh| 4ihU@? UL?|hit E@?@_@c i UL @?_
|i N5 @hi 4L_i*i_ ?__@**)c *i |i hi4@??} UL?|hit @hi UL?t}?i_ |L @ hit_@*
hit| Lu |i Lh*_ E+` ** UL?|hitc ?U*_?} |i +`c @hi u**) tTiUi_ ? |i ti?ti
|@| ThL_U|L?c UL?t4T|L?c ?it|4i?|c Lh! igLh| @?_ |h@_i _iUtL?t @hi |i hit*|
Lu i T*U| LT|43@|L? _iUtL?t Ai ?U*tL? Lu @ u**) tTiUi_ +` @L_t |i ?ii_
uLh @_ LU hit_@* +` tTT*) @?_ _i4@?_ i^@|L?t Eti_ ? |i T@h|@* i^*Mh4
5Vhh wkh vxuyh|v ri Edfnxv/ Nhkrh dqg N|godqg +4<<8,/ dqg Ed{whu +4<<8, iru h{dpsohv ri rqh vhfwru
lqwhuqdwlrqdo uhdo exvlqhvv f|foh prghov1
4L_i* Lu OL @?_ aLh}i?tL? bbe @?_ bbH @?_ i?thit i?_L}i?Lt _i|ih4?@|L? Lu @**
^@?||it @?_ ThUit
6}hi  ThL_it @ t44@h) Lu |i _L4it|U @?_ ?|ih?@|L?@* }LL_t @?_ u@U|Lh Lt
? |i 4L_i* ,@U UL?|h)%hi}L? @t i ThL_U|L? ?_t|hitG Th4@h) h@ 4@|ih@*t
Ec ?L?_h@M*i 4@?u@U|hit E2c _h@M*i 4@?u@U|hit Ec UL?t|hU|L? Eec @?_ tihUit
ED h4@h) h@ 4@|ih@*tc ?L?_h@M*i 4@?u@U|hit @?_ _h@M*i 4@?u@U|hit @hi |h@_i_
}LL_tc *i UL?t|hU|L? @?_ tihUit @hi ?L?|h@_i_ }LL_t h4@h) }LL_t ?U*_i @}hU*
|hi @?_ 4??} L?_h@M*i 4@?u@U|hit ?U*_i uLL_ ThLUitt?}c Miih@}itc Ui4U@*tc
|i |*itc T@Tih @?_ @TT@hi* #h@M*i }LL_t ?U*_i M@tU 4i|@* @?_ ?L?4i|@* ThL_U|tc
LL_ @?_ uh?|hi ThL_U|tc 4@U?ih) @?_ |h@?tTLh|@|L? i^T4i?| L?t|hU|L? ?
U*_it hit_i?|@* @?_ ?L?hit_i?|@* t|hU|hit 5ihUit ULiht |*|itc ?@?Uic ?th
@?Uic hi@* it|@|ic |h@?tTLh|@|L?c @?_ hi|@* @?_ L*it@*i @U||it L|ic ? |i uL**L?}
_tUttL? ?_t|hit @hi ?_i i_ M)  @?_ c *i UL?|hit @hi ?_i i_ M) & @?_ 
2 hiuihi?Uit
,@U UL?|h) & @t @ t?}*i ??|i*) *i_ hiThiti?|@|i LtiL*_ |@| 4@ 43it |t





















| EwS& *?ES&|nE  wS&*?Eu&| uLh j ' c E
@?_ f 	q	c f 	w S& 	 u L h;& L|ic q _i?L|it |i ?__@*<t tMiU|i h@|i Lu |4i
_tUL?| L?t4T|L? t @? @}}hi}@|i Lu ?L?_h@M*i UL?t4T|L? }LL_t ES?&|@ ? _|  i
L Lu tihUit uhL4 UL?t4ih _h@M*it E_&| L?_h@M*i }LL_t @?_ |i _h@M*i tihUi










uLh f  /S&  @ ? _#:fu L h;& Ai i*@t|U|) Lu tMt|||L? Mi|ii? ?L?_h@M*i UL?
t4T|L? }LL_t @?_ _h@M*i tihUit t *#c *i /S& hiiU|t |i M@t |L@h_ ?L?_h@M*it











uLh f  /S￿&  c
S
￿ /S￿& '  @?_ V:fu L h;& Ai i*@t|U|) Lu tMt|||L? Mi|ii?
?__@* ?L?_h@M*i UL?t4T|L? }LL_t ES￿&| t *Vc *i /S￿& hiiU|t |i M@t |L@h_
?L?_h@M*i }LL_ 
22 hL_U|L? |iU?L*L})
6L**L?} |i t|@|U B, *|ih@|hi W 4@!i |i t|@?_@h_ 4*|tiU|Lh @tt4T|L? |@| }hLtt
ThL_U|L? ? tiU|Lh  E+￿&| t _itUhMi_ M) @ |L*ii* ,5 u?U|L? Etiic uLh i @4T*ic










uLh f  /+￿&   @?_ 0:fu L h;c& Ai ht| *ii* Lu ThL_U|L? ?L*it @ @*i@__i_
?_i E@￿&| @?_ @? @}}hi}@|i ?|ih4i_@|i }LL_t UL4TL?i?| E6￿&| Ai @*i@__i_
ThL_U|L? ?_i t _itUhMi_ M) LMM#L}*@t |iU?L*L}) U tit U@T|@* E&r
￿&|c *@MLh
Er








uLh k￿&cw ￿&  f @?_ k￿& n w￿&  u L h;c&
Ai L|ih u@U|Lh Lu ThL_U|L? t |i @}}hi}@|i ?|ih4i_@|i ?T|c U t @ UL4TLt|i
Lu ?|ih4i_@|i ?T|t uhL4 @** tiU|Lht 5TiUU@**)c |iti u@U|Lht @hi @}}hi}@|i_ @UULh_?}














uLh f 	k ￿￿& 	 c
S
￿ k￿￿& '@ ? _0:fu L h;c& 6￿￿&| _i?L|it |i L Lu ?|ih4i_@|i
}LL_t uhL4 tiU|Lh  |L tiU|Lh  Ai i*@t|U|) Lu tMt|||L? Mi|ii? @*i@__i_ @?_ @**
?|ih4i_@|i ?T|t ? tiU|Lh  t *0 ￿&| t @? i L}i?Lt ThL_U||) tu| T@h@4i|ih ?
tiU|Lh c U t i*_ UL?t|@?| |hL}L| |i TL*U) t4*@|L?t
2 W?it|4i?| Mi@Lh
@T|@* }LL_t Aihi @hi |L |)Tit Lu ?it|4i?| }LL_t ? |t 4L_i* Ai ht| @hi
_h@M*i U@T|@* }LL_t |@| _iThiU@|i @| h@|i f 	B  @T|@* }LL_t @hi i|ih ti_ @t
?T|t ? |i ThL_U|L? Lu }LL_t E&&| Lh @t LtiL*_ _h@M*it E_&| hL_U|L? U@T|@*
E&&| @?_ LtiL*_ _h@M*i E_&| ?it|4i?| t @ UL4TLt|i Lu _h@M*i 4@?u@U|hit E￿&|c
UL?t|hU|L? Ee&| @?_ tihUi ED&| }LL_t W?it|4i?| }LL_t @hi @}}hi}@|i_ @UULh_?} |L
@ ,5 u?U|L?G













uLh f 	/ ￿￿& 	 c
S
￿ /￿￿& '  @?_ v:fu L h;& Ai i*@t|U|) Lu tMt|||L? Mi|ii?
?it|4i?| }LL_t t *vc *i /￿￿& hiiU|t |i M@t |L@h_ }LL_ 
W @tt4i |ihi @hi ULt|t Lu @_t|?} @}}hi}@|i U@T|@* t|LU!t ? @** hi}L?t 6L**L?}
@ |ih @?_ hU? Ebbc W i4T*L) @ UL?i  @}}hi}@|i ULt| Lu @_t|4i?| u?U|L? ihiG
& E% : fc ￿
& E% : fc @?_ ￿￿
& E% 	 f Nt?} |t ?L|@|L? W U@? _itUhMi @UU4*@|L? Lu










_&| nE  B_&| uLh ;& Eb
SW @*tL @**L uLh |ihi |L Mi ULt|t Lu @_t|?} tiU|Lh@* U@T|@* t|LU!t W i4T*L) @ UL?i 
tiU|Lh@* ULt| Lu @_t|4i?| u?U|L? ihiG &￿E% : fc ￿
&￿E% : fc @?_ ￿￿
&￿ E% 	 f Nt?}












&￿&| uLh ;c& E
W?|ih4i_@|i }LL_t Ai tiUL?_ U@|i}Lh) Lu ?it|4i?| }LL_t @hi ?|ih4i_@|i }LL_t
E6￿￿&|c U @hi i*_ @t ?i?|Lhit @?_ UL4T*i|i*) UL?t4i_ ? |i ThL_U|L? Lu u|hi
}LL_t Ai |4i TihL_ ? |i 4L_i* t ^@h|ih*) ,4ThU@* i_i?Ui Etii +@4i) EbHb
uLh _i|@*t t}}it|t ?|ih4i_@|i }LL_t hi^hi L?i TihL_ |L T| ? T*@Ui @ti_ L? |t
W @tt4i TihL_ | n  ?|ih4i_@|i ?T|t @hi ThL_Ui_ ? TihL_ |
2e Ah@_i Lt
Ai 4L_i* @**Lt uLh |h@_i Mi|ii? |i Lh| 4ihU@? UL?|hit @?_ |i +` `ihi
|i +` t @ UL4TLt|i Lu @?@_@?c i U@?c @?_ N5 |h@_?} T@h|?iht wi| %￿&￿| _i?L|i
UL?|h) &<t Th@|i UL?t4T|L?%ti Lu }LL_  ThL_Ui_ ? UL?|h)  W? L|ih Lh_tc
%￿&￿| _i?L|it UL?|h) &<t 4TLh|t Lu }LL_  uhL4 UL?|h)  Ai Th@|i ?@* i Ti?_|hi
@}}hi}@|L? u?U|L? uLh }LL_  t @ ,5 u?U|L? }i? M) |i uL**L?}G













uLh f  /￿&￿  c
S
￿ /￿&￿ '  @?_ >￿ : fu L h;c&￿ +iU@** S￿&| _itUhMit ?L?_h@M*i
UL?t4T|L? Lu }LL_ c ￿&| U@T|@* ?it|4i?|c @?_ 6￿￿&| |i L Lu ?|ih4i_@|i }LL_t
uhL4 tiU|Lh  |L tiU|Lh  Ai i*@t|U|) Lu tMt|||L? Mi|ii? L4i ThL_Ui_ @?_ @**
4TLh|i_ }LL_t t *>￿c *i /￿&￿ hiiU|t M@t |L@h_ UL?|h) <t }LL_ 
6Glhuhqwldwlqj jrrgv e| orfdwlrq lv qhfhvvdu| wr uxoh rxw frpsohwh vshfldol}dwlrq1 Vhh Ed{whu +4<<5, iru
d glvfxvvlrq ri krz frpsohwh vshfldol}dwlrq/ dorqj wkh olqhv ri Ulfdugldq frpsdudwlyh dgydqwdjh/ hphujhv
lq d g|qdplf Khfnvfkhu0Rkolq0Vdpxohvrq prgho zkhuh jrrgv duh qrw glhuhqwldwhg e| surgxfwlrq orfdwlrq1
.2D BLih?4i?|
,@U UL?|h) @t @ }Lih?4i?| U 4TLtit |@hgt L? 4TLh|i_ }LL_t Ai |@hg h@|i
? UL?|h) & uLh }LL_  4TLh|i_ uhL4 UL?|h)  t ￿&￿| W| t _U*| |L 4L_i* ?L?|@hg
M@hhiht EAt _hiU|*)c tL W |@!i |i t|@?_@h_ @TThL@U Lu i4T*L)?} tL U@**i_ |@hg
i^@*i?| At E|@| tc |i *ii* Lu |@hg ThL|iU|L? |@| )i*_t |i t@4i *ii* Lu L|T|
@?_ |h@_i @t |i A Ai |@hg i^@*i?| A uLh }LL_  4TLh|i_ uhL4 UL?|h)  t
4￿&￿| Ai |@ hii?i uhL4 |i |@hg @?_ |i ^L|@ hi?|t uhL4 |i At @hi hiM@|i_ M)
*4Tt4 T@)4i?|tc _i?L|i_ M) A- &| @?_ '-&| hitTiU|i*) Ai }Lih?4i?| @*tL *iit
@ *4Tt4 |@ A&| |L ?@?Ui |t Uhhi?| tTi?_?} ) @**L?} R￿￿| |L _i?L|i |i ThUi Lu
























Ai *@t| i*i4i?| Lu ?@* i Ti?_|hi t }Lih?4i?| tTi?_?} 6Lh t4T*U|) W @tt4i |@|











ihi }￿&￿| t |i UL?|h) &<t }Lih?4i?|t UL?t4T|L? Lu }LL_  uhL4 UL?|h)  L4M??}




￿ R￿￿|}￿&￿| L|ic hi@* }Lih?4i?| tTi?_?} t i*_ UL?t|@?|
? |i |h@_i TL*U) t4*@|L?t
7Edfnxv/ Nhkrh dqg N|godqg +4<<8, pdnh d vlplodu dvvxpswlrq lq d g|qdplf rqh vhfwru prgho ri
lqwhuqdwlrqdo wudgh1
H2S +itLhUi UL?t|h@?|t
Ai 4L_i* UL?|@?t |L ?L?hiThL_UM*i u@U|Lhtc *@MLh E&| @?_ *@?_ EA&| w @ M L h t4 L 
M*i Mi|ii? tiU|Lht E￿&| |? ? @ UL?|h)c tMiU| |L t4@** @_t|4i?| ULt|t 6L**L?}
|i @TThL@U |L U@T|@* @_t|4i?| ULt|t W i4T*L) @ UL?i ULt| Lu @_t|4i?| u?U|L?
ihiG ￿￿E% : fc ￿
￿￿E% : fc @?_ ￿￿
￿￿E% 	 f Nt?} |t ?L|@|L? W U@? _itUhMi tiU|Lh











￿&| uLh ;c& EH
AL|@* Lht @hi ?Lh4@*3i_ |L ?|) tL |@| @}i?|t u@Ui |i uL**L?} *@MLh UL?t|h@?|tG
  u&|  &| 'fu L h;& Eb
w@?_ t L?*) @ u@U|Lh Lu ThL_U|L? ? |i Th4@h) tiU|Lh Ai tTT*) Lu *@?_ t i*_
UL?t|@?| ? |i TL*U) i Tih4i?|t hiTLh|i_ ? |i ?i | tiU|L?
Ai L?*) ?@?U@* @tti|t @@*@M*i |L @}i?|t ? UL?|h) & @hi ?L?UL?|?}i?| L?i Ti
hL_ ML?_t K&| Ai ThUi Lu |iti @tti|t ? |ih4t Lu |i ?4ih@hi }LL_ t RK| E?L|ic
|hL}L| |i T@Tih W 4@?|@? +` ?L?_h@M*i 4@?u@U|hi_ }LL_t @t |i ?4ih@hic
R2o| '  `| |t ?L|@|L? ? @?_ W U@? _itUhMi UL?|h) &<t hiThiti?|@|i LtiL*_<t
?|ih|i4TLh@* M_}i| UL?t|h@?| @tG
[
￿




￿E n ￿&￿| n 4￿&￿|R￿￿|%￿&￿|
n
S
￿ R￿&|%￿&&| n RK|K&|n￿ n A&|c uLh ;&
E2f




%￿&￿| n }￿&￿| uLh ;c& E2




K&| ' f E22
2. ,^*Mh4 @?_ 4L_i* tL*|L?
W uL**L @ |ih @?_ hU?<t EbbD @TThL@U |L tL*?} _)?@4U |h@_i 4L_i*t ? U
uLhi}? @tti|t @hi hit|hU|i_ |L L?i TihL_ ML?_t W? i@U UL?|h)c |i hiThiti?|@|i Lti
L*_ L?t @** ThL_U|i ?T|t ,@U TihL_ |i LtiL*_ hi?|t |iti ThL_U|i ?T|t |L
|i @hLt h4t ? |i t@4i iUL?L4) 6h4t ThL_Ui @** i }LL_t @?_ ti** |i L|T| |L
LtiL*_t ? @** uLh UL?|hit%hi}L?t W? i@U UL?|h)%hi}L? |i hiThiti?|@|i Lti
L*_<t _)?@4U LT|43@|L? ThLM*i4 t |L 4@ 43i |i i TiU|i_ *ui|4i |*|) _itUhMi_
M) E tMiU| |L |i UL?t|h@?|t }i? M) i^@|L?t E2 |L E2f Ai UL4Ti||i i^*M
h4 t _itUhMi_ M) |i t|LU@t|U ThLUittit uLh U@T|@*c *@MLhc UL?t4T|L?c ?it|4i?|
@?_ |ih @ttLU@|i_ ThUit |@| t@|tu) |i hi}L?@* hiThiti?|@|i LtiL*_t LT|43@|L?
ThLM*i4t @?_ |i 4@h!i| U*i@h?} UL?_|L?t }i? M) E2E22 W ti ?4ihU@* |iU?^it
|L tL*i uLh |i 4L_i*<t _)?@4U i^*Mh@ 5TiUU@**)c |i *L}*?i@h @TThL 4@|L? |iU
?^i @_@?Ui_ ? |i hi@* Mt?itt U)U*i E+ *|ih@|hi M) k?}c *Lttih @?_ +iMi*L
EbHHc bbf
 #@|@ @?_ Mi?U4@h! T@h@4i|iht
Ai 4L_i* 4t| Mi T@h@4i|ih3i_ MiuLhi W U@? @TT*) ?4ihU@* tL*|L? 4i|L_t #hiU|
it|4@|L? Lu @** |i 4L_i*<t T@h@4i|iht t h*i_ L| M) |i u@U| |@| |ihi t ?tUi?| ?
|ih?@|L?@* _@|@ |L it|4@|i @** Thiuihi?Uic ThL_U|L?c @?_ |h@_i T@h@4i|iht +iti@hUiht
Lh!?} | B, 4L_i*t @i LihUL4i |t ThLM*i4 M) t?} 4L_i* U@*Mh@|L? Etiic
uLh i @4T*ic 5Li? @?_ `@**i) bb2 Lhi hiUi?|*) |t @TThL@U @t Mii? i |i?_i_
|L _)?@4U 4L_i*t Lu ?|ih?@|L?@* |h@_i Etiic uLh i @4T*ic @ |ih bbD @*Mh@|L? it
fti?|@**) ?L*it |L t|iTt 6ht|c |i hiti@hUih ULLtit @ ti| Lu i*@t|U|it |@| _itUhMi
|i _i}hii Lu tMt|||L? ? UL?t4T|L?c ThL_U|L?c @?_ |h@_i 5iUL?_c }i? |t ti|
Lu i*@t|U|it |i hiti@hUih ULLtit i}|?} |ih4t ? Thiuihi?Uic ThL_U|L?c @?_ |h@_i
@}}hi}@|L? u?U|L?t tL |@| |i 4L_i*<t t|i@_) t|@|i ULhhitTL?_t |L @ tTiUU TL?| ?
|4i W? 4) U@ti |i 4L_i*<t M@ti )i@h Lh Thi6A t|i@_) t|@|i t @tt4i_ |L Mi bb2c
|i )i@h |i |hii UL?|hit t}?i_ |i ?|@* 6A ThLTLt@*
?i Lu |i t|h@|i}it W uL**L t |L U@*Mh@|i 4) 4L_i* t?} i*@t|U|it uhL4 @ Mi?U4@h!
t|@|U t|_) At @**Lt uLh @ UL?i?i?| UL4T@htL? Lu |i hit*|t uhL4 4) _)?@4U t|_)
| |Lti Lu @ i**!?L? t|@|U @?@*)tt ) Mi?U4@h! t|@|U t|_) t hL?c #i@h_Lhg
@?_ 5|ih? Ebb2 Ai) ?_ih|@!i @ t4*@h TL*U) i Tih4i?|c | @ 4L_i* |@| @t
t4*@h 4*|tiU|Lh U@h@U|iht|Ut |L 4) _)?@4U 4L_i* ? |i _)?@4U uhL?|c W _h@
i@*) L? |i T@h@4i|ih ti| ti_ ? |i + *|ih@|hi Ai 4L_i*<t T@h@4i|iht @hi
t44@h3i_ ? A@M*i 
hiuihi?Uit OLtiL*_ T@h@4i|iht @hi M@ti_ L? ?__@* UL?|h) ?@|L?@* @UUL?|t
_@|@ @?_ T@h@4i|iht ti_ ? |i B, @?_ + *|ih@|hi 6L**L?} |i + *|ih@|hi
W ti| |i Uh@|hi T@h@4i|ih j |L 2c |i UL?t4T|L?%*ithi t@hi T@h@4i|ih wS& |L Mi
UL?tt|i?| | 2f TihUi?| Lu |i @}i?|t |L|@* |4i Mi?} _iL|i_ |L 4@h!i| @U||)c @?_
|i tMiU|i _tUL?| u@U|Lh q |L fbHD2 EU 4T*it @ ^@h|ih*) ?|ihit| h@|i Lu @ML|
D TihUi?| ) Mi?U4@h! ti| Lu i*@t|U|it Lu tMt|||L? uLh LtiL*_ _h@M*it E*#
@?_ ?L?_h@M*it E*V @hi ti| |L ?|) E|@| tc ?it|i_ Thiuihi?Uit @hi LMM#L}*@tc |t
uL**Lt hL?c i| @* Ebb2 6?@**)c |i M@t |ih4t E/S& @?_ /S￿&<t @hi U@*Mh@|i_ tL
|@| |i) @hi UL?tt|i?| | |iti i*@t|U|it @?_ _t@}}hi}@|i_ ?@|L?@* @UUL?|t _@|@
uLh LtiL*_ UL?t4T|L? @?_ ?it|4i?| i Ti?_|hi
hL_U|L? Ai _itUhT|L? Lu ThL_U|L? ? |i ThiLt tiU|L? uL**Lt |i t|@|U B,
*|ih@|hi M) @tt4?} @ |L *ii* ,5 t|hU|hic | @ LMM#L}*@t @*i@__i_ UL4
TL?i?| @?_ ?|ih4i_@|i }LL_t @}}hi}@|i_ M) @ ,5 u?U|L? W T@h@4i|ih3i |iti ThL
_U|L? u?U|L?t t?} |i ULt| u?U|L? it|4@|it Lu +@4i) EbHb +@4i) it|4@|it
ThL_U|L? u?U|L?t uLh @hLt 4@?u@U|hi_ }LL_t t?} ^@h|ih*) N5 _@|@ Oih ThL
_U|L? u?U|L?t ?U*_i *@MLhc U@T|@* @?_ ?i?|Lhit Lu h@ 4@|ih@*c Lh!?ThL}hitt
@?_ ?ti_ }LL_t L4M??} ih hit*|t | |i |iLhi|U@* hit*|t ? 5@|L EbSb W
?_ |@| |i UL?t|@?| i*@t|U|) Lu tMt|||L? Mi|ii? ?|ih4i_@|i ?T|t @?_ |i @*i
@__i_ UL4TL?i?| *0 t hL}*) f @| |i ^@h|ih*) uhi^i?U)c U t}}it|t |i ^@h|ih*)
ThL_U|L? u?U|L? t U*Lti |L wiL?|iu L|ic t|@|U B, 4L_i*t |)TU@**) hit|hU| ThL_U
|L? |L Mi wiL?|iu | 3ihL i*@t|U|it Lu tMt|||L? ** L|ih ThL_U|L? T@h@4i|iht
E/+￿&ck ￿&cw ￿& @?_ k￿￿&<t @hi _ihi_ uhL4 |i 4Lt| hiUi?| ?T|L|T| |@M*i uLh @?@_@c
i UL @?_ |i N5 Ai +` t Thi_L4?@?|*) ?_t|h@* UL?|h) M@ti_ tL W 4L_i* |ih
ThL_U|L? u?U|L?t t?} N5 ?T|L|T| _@|@
W?it|4i?| Ai ^@h|ih*) _iThiU@|L? h@|i B  tt i |@ |2 D TihUi?|c U t UL?tt|i?|
| 4Lt| ^@h|ih*) + t|_it 6L**L?} @ |ih @?_ hU? Ebb W ti| |i @}}hi}@|i
U@T|@* @_t|4i?| ULt| u?U|L? tL |@|G |t t|i@_) t|@|i @*i t i^@* |L |i t|i@_)
t|@|i h@|L Lu ?it|4i?| |L U@T|@*( ? t|i@_) t|@|i ALM?<t ^ E|i h@|L Lu |i ThUi Lu
i t|?} U@T|@* |L |i ThUi Lu ?i U@T|@* t L?i( @?_ |i i*@t|U|) Lu |i @}}hi}@|i
?it|4i?|U@T|@* h@|L | hitTiU| |L |t ALM? ^ t UL?tt|i?| | @}}hi}@|i ?it|4i?|
L*@|*|) *ii*t EW uL**L 4@?) L|ih ?|ih?@|L?@* hi@* Mt?itt U)U*i t|_it ? ti||?} |t
i*@t|U|) |L f Ai tiU|Lh@* U@T|@* @_t|4i?| ULt|t u?U|L?t @hi 4L_i**i_ ? @ t4*@h
@) i UiT| |@|G ? t|i@_) t|@|i |ih @*i t i^@* |L |i t|i@_) t|@|i h@|L Lu tiU|Lh@*
U@T|@* |L @}}hi}@|i U@T|@*( ? t|i@_) t|@|i |i h@|L Lu tiU|Lh@* @?_ @}}hi}@|i U@T|@*
hi?|@* h@|it @hi ?|)( @?_ |i i*@t|U|) Lu tiU|Lh@* U@T|@*|L|@* U@T|@* h@|Lt | hitTiU|
|L |ih hi*@|i hi?|@* h@|it t ti| tL |@| |i) @hi UL?tt|i?| | tiU|Lh@* ?it|4i?|
L*@|*|it E4) it|4@|it @hi M@ti_ L? |i 4*|tiU|Lh ?|ih?@|L?@* hi@* Mt?itt U)U*i
@?@*)tt Lu kLT@h|t@tc bbS Ai @}}hi}@|i @?_ tiU|Lh@* *@MLh @_t|4i?| ULt| u?U|L?t
@hi U@*Mh@|i_ ? @ t4*@h u@tL? Ai Th4@h) tiU|Lh @t |i }it| @_t|4i?| ULt|tc
U t UL?tt|i?| | |i i |@| Th4@h) U@T|@* @?_ *@MLh |i?_ |L Mi ?_t|h) tTiUU
2Aihi t @ _i h@?}i Lu it|4@|it L? |i _i}hii Lu tMt|||L? Mi|ii? _gihi?|
|)Tit Lu LtiL*_ @?_ ?_t|h@* _h@M*i }LL_t W uL**L |i B, *|ih@|hi<t @TThL@U
|L ?L?_h@M*i @}}hi}@|L? M) ti||?} |i i*@t|U|) Lu tMt|||L? Mi|ii? _gihi?| |)Tit
Lu _h@M*i }LL_t |L ?|) Ai M@t |ih4t E/￿￿&<t @hi U@*Mh@|i_ tL |@| |i) @hi UL?
tt|i?| | |iti i*@t|U|it @?_ _t@}}hi}@|i_ ?@|L?@* @UUL?| _@|@ uLh i Ti?_|hi L?
?it|4i?| }LL_t
Ah@_i M@hhiht , T*U| |@hg h@|it @hi hi@_*) @@*@M*i uhL4 @hLt ?@|L?@* @?_ ?
|ih?@|L?@* |h@_i Lh}@?3@|L?t @?_ ThiLt t|@|U t|_it W? UL?|h@t|c | t _U*| |L
?ULhTLh@|i At tU @t ^L|@t @?_ L|ih ?L?ThUi hit|hU|L?t ? B, 4L_i*tc tL hi
ti@hUiht ti tLU@**i_ |@hg i^@*i?| 4i@thit Lu At ? |ih ^@?||@|i @?@*)tt
A@M*i 2 ThL_it @? Lihi Lu +L*@?_OLt|c +i?ih| @?_ 5i**t< Ebb2c bbe UL4Thi
i?ti it|4@|it Lu |i *ii*t Lu |@hg @?_ |@hg i^@*i?| A ThL|iU|L? |@| i t|i_
ThLh |L |i t}??} Lu |i @?@_@ N5 uhii |h@_i @}hii4i?| E6A @?_ 6A ? bHH
6Lh UL4T@h@M*|) | i@h*ih t|@|U @?@*)tit W ti| |i *ii* Lu Thi6A ThL|iU|L? ?
4) 4L_i* |L 4@|U +L*@?_OL*t| i| @*<t it|4@|it A@hg i^@*i?| At }hi@|*) i Uii_
i T*U| |@hg *ii*tc U t}}it|t |@| At hiThiti?| |i }it| M@hhih |L uhii|h@_i
6A U@**t uLh |i hi4L@* Lu @** Lh| 4ihU@? |h@_i M@hhiht ) hit*|t tL |@|
|i }@?t uhL4 |i hi4L@* Lu At ?_ih 6A u@h L|i} |i }@?t uhL4 hi4L?}
i T*U| |@hgt
6A uL**Li_ |i t}??} Lu @ u@hhi@U?} 6A ? bHbc U @t _it}?i_ |L
i*4?@|i @** |h@_i M@hhiht Mi|ii? @?@_@ @?_ |i N5c _itUhMi_ ? A@M*i 2 AihiuLhic W
4L_i* 6A @t |i L?| uhii |h@_i @}hii4i?| Mi|ii? @?@_@ @?_ i ULc @?_ |i N5
@?_ i UL W? Th@U|U@* |ih4t 6A ?L*it |i hi4L@* Lu M@hhiht |L E i U@?
i TLh|t |L @?@_@ @?_ |i N5 @?_ E2 @?@_@? @?_ N5 i TLh|t |L i UL t |i
4@Lh|) Lu |@hg hi_U|L?t ** |@!i T*@Ui |? f )i@ht W 4L_i* 6A @t |i ?uLh4
hi_U|L? Lu ThL|iU|L? *ii*t Lih @ f)i@h TihL_ E|@| tc ThL|iU|L? *ii*t @hi hi_Ui_
M) f TihUi?| i@U )i@h t|@h|?} |i ht| ^@h|ih Lu bbe L_i* t4*@|L?t Mi}? ?
|i TihL_ uL**L?} |i t}??} Lu |i ?|@* 6A @}hii4i?|c ht| ^@h|ih Lu bb W
UL?_U| |i 6A t4*@|L?t @t u @}i?|t ? |i Lh*_ iUL?L4) u**) @?|UT@|i_ |i
T@| Lu |h@_i *Mih@*3@|L? _itUhMi_ @MLi At 4T*U|*) @tt4it |@| @}i?|t !?i @|
|i _@|i Lu |i ?|@* t}??}c #iUi4Mih .c bb2c |@| 6A L*_ Mi h@|i_ ? *@|i
bbc 4T*i4i?|i_ ? |i ht| ^@h|ih Lu bbec @?_ T@ti_ ? t*L*) Lih f )i@ht
?i Lu |i t|U!?} TL?|t ? T@tt?} |i 6A ? L?}hitt @t |t TL|i?|@* ?i}@|i
igiU| L? ti?t|i ?_t|hit tU @t @}hU*|hi @?_ @|L4LM*i ThL_U|L? L*U) 4@!iht
_i@*| | |t tti M) @**L?} uLh @ D )i@h *Lih?} Lu |h@_i M@hhiht uLh |iti ?_t|hit
W *LL! @| |i igiU|t Lu @_LT|?} @ D ihtt @ f )i@h TL*U) ? 4) ti?t||) @?@*)tt W
@*tL UL?t_ih |i i*u@hi igiU|t Lu @? 44i_@|i *Lih?} Lu M@hhiht @u|ih |i t}??} Lu
|i @}hii4i?| At t |i @tt4i_ TL*U) Lu t|@|U @?@*)tt ) it|4@|it t}}it| |@|
|ihi @hi t}?U@?| i*u@hi 4T*U@|L?t @ttLU@|i_ | |i tTii_ @| U |h@_i M@hhiht
@hi *Lihi_
Ah@_i Lt Aihi @hi @ _i h@?}i Lu it|4@|it Lu |i i*@t|U|) Lu tMt|||L? Mi|ii?
L4i @?_ uLhi}? }LL_t E*>￿<t ti_ ? |i ^@?||@|i |h@_i *|ih@|hi ) t|@h|?} TL?|
t |L @_LT| |i t@4i i*@t|U|it ti_ ? hL?c i| @* Ebb2 Ai) 4TLti @? i*@t|U|)
Lu c t}}it|?} @ hi@tL?@M*) } *ii* Lu tMt|||L? Mi|ii? L4i @?_ uLhi}? }LL_t
W? 4) ti?t||) @?@*)tt W @**L uLh *Lih @?_ }ih _i}hiit Lu tMt|||L? Ai *Lih
i*@t|U|it @hi @TThL 4@|i*) ?|) @?_ UL4i uhL4 i4ThU@* t|_it M) 5i**t @?_ +i?ih|
Ebb uLh @?@_@ @?_ |i N5c @?_ 5LM@h3L Ebbe uLh i UL At t 4) Thiuihhi_
T@h@4i|ih ti| MiU@ti |i A i^@*i?| |@hg h@|it it|4@|i_ M) +L*@?_OLt|c i| @*
Ebb2c bbe @hi }i?ih@|i_ M) @ t|@|U 4L_i* |@| tit |t ti| Lu i*@t|U|it W _L ?L|
ti |iti i*@t|U|it ? 4) Mi?U4@h! 4L_i* MiU@ti +L*@?_OLt|c i| @* t|_) @ MhL@_ih
6A |@? |i L?i t|_i_ ? |t T@Tihc U 4@!it _hiU| UL4T@htL? Lu |ih hit*|t
4TLttM*i W| t 4TLh|@?| |L ?L|i |@| |i t4*@|L? hit*|t _iTi?_ Uh|U@**) L? |iti
i*@t|U|it Lu tMt|||L? 5TiUU@**)c |h@_i *Mih@*3@|L? }i?ih@|it t}?U@?|*) *Lih
i*u@hi igiU|t u |ihi t @ *L _i}hii Lu tMt|||L? Mi|ii? L4i @?_ uLhi}? }LL_t
eAi |h@_i @}}hi}@|L? T@h@4i|iht /￿&￿ @hi U@*Mh@|i_ |L 4@|U bb2 |h@_i L t|@|t|Ut
uLh |i e UL?|hit%hi}L?t Aihi @hi |hii |?}t |L ?L|i @ML| Lh| 4ihU@? |h@_i
Lt 6ht|c @?@_@i UL t |h@_i ^|i t4@** Aih M*@|ih@* |h@_i @UUL?|t uLh @ML| 
2 TihUi?| Lu |ih i TLh| @?_ 4TLh| M@t!i|t 5iUL?_c |h@_i | |i N5 hiThiti?|t @ *@h}i
t@hi Lu @?@_@? @?_ i U@? |h@_i E? |i Lh_ih Lu .f TihUi?| Lu |ih 4TLh| @?_ i TLh|
M@t!i|t 6?@**)c |h@_i | @?@_@ @?_ i UL t *itt 4TLh|@?| |L |i N5c ? u@U|c 4Lhi
|@? .f TihUi?| Lu N5 |h@_i t | UL?|hit L|t_i Lh| 4ihU@ At *@h}i*) hiiU|t
|i N5<t UL?t_ih@M*) *@h}ih t3i hi*@|i |L |t Lh| 4ihU@? UL?|ihT@h|t @ti_ L?
|iti t|@|t|Ut 6A @t i TiU|i_ |L @i @ t4@** 4T@U| L? |i N5 @?_ @?@_@?
iUL?L4itc @?_ @ *@h}i 4T@U| L? |i i U@? iUL?L4) MiU@ti Lu |t t|hL?} _iTi?_i?Ui L?
Lh| 4ihU@? |h@_i 54*@|L? hit*|t hiTLh|i_ ? |t T@Tih tTTLh| |t UL?iU|hi
e i?U4@h! t4*@|L? hit*|t
i*Lc W hiTLh| |i hit*|t Lu t4*@|L?t Lu |i ^@?||@|i Lh| 4ihU@? |h@_i 4L_i*
?_ih |L |h@_i *Mih@*3@|L? tUi?@hLt Ai ht| i Tih4i?| *LL!t @| @ *4|i_ 6A
? U W 4@?|@? At @?_ hi4Li L?*) |i i T*U| |@hgt Mi|ii? @?@_@c i ULc
@?_ |i N5 Ai tiUL?_ i Tih4i?| i @4?it |i hi4L@* Lu @** Lh| 4ihU@? M@hhihtc
?U*_?} |@hgt @?_ AtD
`i*u@hi @?@*)tt W U@*U*@|i |i i*u@hi igiU|t Lu *Mih@*3@|L? M) 4i@th?} |i igiU|
L? UL?|h) &<t hiThiti?|@|i LtiL*_t< *ui|4i |*|) L& 6Lh i @4T*ic *i| bA
& hiThiti?|
|i Tih4@?i?| TihUi?|@}i U@?}i ? |i *ii* Lu Thi*Mih@*3@|L? UL?t4T|L? ? UL?|h)
8Qrwh/ Nrxsdulwvdv +4<<:, h{dplqhv wkh lpsolfdwlrqv ri wkh prgho xvhg lq klv sdshu xqghu d zlgh
duud| ri Qruwk Dphulfdq wudgh olehudol}dwlrq vfhqdulrv1 Lq wkdw sdshu L rhu dq h{sodqdwlrq iru zk|
frxqwulhv gr qrw xqghuwdnh xqlodwhudo wudgh olehudol}dwlrq/ dqg zk| qdwlrqv kdyh dssduhqwo| dedqgrqhg
wkh sxuvxlw ri joredo iuhh0wudgh lq idyru ri ohvv dpelwlrxv uhjlrqdo elodwhudo iuhh0wudgh djuhhphqwv1 L dujxh
rq wkh edvlv ri vlpxodwlrq uhvxowv wkdw wudgh olehudol}dwlrq wdnhv rq wkh irup ri d sulvrqhuv glohppd1 Lq
sduwlfxodu/ L vkrz wkdw xqlodwhudo wudgh olehudol}dwlrq pdnhv wkh olehudol}lqj frxqwu| zruvh r/ zkloh pdnlqj
lwv Qruwk Dphulfdq wudglqj sduwqhuv ehwwhu r1 L dovr vkrz wkdw elodwhudo djuhhphqwv/ vxfk dv/ QDIWD
dqg wkh FIWD pdnh hdfk olehudol}lqj frxqwu| ehwwhu r1 Wklv vxjjhvwv wkdw wudgh olehudol}dwlrq uhtxluhv
hqirufhdeoh elodwhudo wudgh djuhhphqwv/ vxfk dv QDIWD dqg wkh FIWD1
D& |@| L*_ 4@!i LtiL*_t ? UL?|h) & @t i** Lg @t |i T@| Lu UL?t4T|L? @?_















ihic  t |i hiThiti?|@|i LtiL*_<t 4L4i?|@h) |*|) u?U|L?c @?_ E7 S&c7 & t UL?
|h) &<t hiThiti?|@|i LtiL*_t hitTiU|i t|i@_) t|@|i *ii*t Lu UL?t4T|L? @?_ *ithi
? |i Thi*Mih@*3@|L? i?hL?4i?| W? L|ih Lh_tc 7 S&bA
& 4i@thit |i @4L?| M) U
)L @i |L U@?}i UL?t4T|L? ? |i Thi*Mih@*3i_ i?hL?4i?| |L 4@!i LtiL*_t @t
i** Lg @t ?_ih |i *Mih@*3i_ i?hL?4i?| Wu bA
& : fc *Mih@*3@|L? 4@!it LtiL*_t
Mi||ih Lg
W U@? U@*U*@|i |i t|i@_) t|@|i i*u@hi 4T*U@|L?t t?} @ t4*@h 4i@thi W? T@h|U
*@hc _i?i b7
& @t |i tL*|L? |L uL**L?} ThLM*i4G
E7 S&E n b
7
&c7 &'E S&c &E 2  
ihi E S&c & t |i *ii* Lu UL?t4T|L? @?_ *ithi i?L)i_ ? |i *Mih@*3i_ t|i@_) t|@|i
) U@*U*@|?} b7
& W U@? _i|ih4?i |i TihUi?|@}i U@?}i ? Thi*Mih@*3@|L? t|i@_) t|@|i
UL?t4T|L? |@| L*_ 4@!i LtiL*_t ? UL?|h) & ?_gihi?| |L |i *Mih@*3i_ t|i@_)
t|@|i Ai |h@?t|L?@* ULt| @ttLU@|i_ | 4L?} |L |t t|i@_) t|@|ic 4i@thi_ @t @
TihUi?| Lu |i ?|@* UL?t4T|L? *ii*c t t4T*) b7
&  bA
&
A@M*i  _itUhMit |i *L?}h? igiU|t Lu |h@_i *Mih@*3@|L? L? iUL?L4U @U||) @?_




& Ai *iu| T@?i* tLt
|i i*u@hi igiU|t Lu i*4?@|?} i T*U| |@hgt ) it|4@|it @hi t4*@h |L t|@|U t|_it
? |@| |i i*u@hi igiU|t uhL4 |t *4|i_ uLh4 Lu *Mih@*3@|L? @hi ?i}*}M*i uLh @?@_@
@?_ |i N5c @?_ t4@** uLh i UL W? |i h}| T@?i*c W U@*U*@|i |i i*u@hi 4T*U@|L?t
Lu 6A E|@| tc *Lih?} @** |h@_i M@hhiht W ?_ |@| |i i*u@hi igiU|tc ? |ih4t
Lu ?|@* UL?t4T|L? *ii*tc @hi HH TihUi?| uLh i ULc fD TihUi?| uLh |i N5c ffe
TihUi?| uLh @?@_@c @?_ ff TihUi?| uLh |i +` @ti_ L? |iti hit*|tc 6A
*i@_t |L i*u@hi 4ThLi4i?|t uLh |i i UL @?_ |i N5c @?_ }i?ih@|it i*u@hi *Lttit
SuLh @?@_@ @?_ |i +` Ai TTih hL Lu |i t@4i T@?i* tLt |@| |i t|i@_) t|@|i
i*u@hi igiU|t Lu 6A @hi TLt|i uLh @** hi}L?tc | @ u@h*) *@h}i i*u@hi igiU| uLh
i UL Lu  TihUi?| Ai tiUL?_ hL hii@*t |@| |i |h@?t|L?@* ULt|t Lu *Mih@*3?}
|h@_i W? |i U@ti Lu @?@_@ @?_ |i +` |iti ULt|t L|i} |i t|i@_) t|@|i }@?t
Ai U@*Mh@|L? Lu |i _)?@4U 4L_i* t t4*@h |L |i U@*Mh@|L? Lu hL?c #i@h_Lhg
@?_ 5|ih?<t Ebb2 t|@|U 4L_i* Ai) UL?_U| @ t4*@h TL*U) @?@*)tt @?_ ?_ |@| |i
t|@|U i*u@hi }@?t uhL4 6A @hi U*Lti |L it|4@|it uhL4 4) _)?@4U 4L_i*c |
i UL }@??} M) hL}*) S TihUi?|c @?_ t4@** }@?t @UUh?} |L @?@_@ @?_ |i N5
?i i T*@?@|L? uLh |i t4*@h|) Lu |i ?_?}t t |@| |i t|@|U 4L_i* @tt4it @?
?t|@?|@?iLt hi_U|L? Lu |h@_i M@hhiht W i T*Lhi |t 4T*U@|L? ? A@M*i e Ai *iu|
T@?i* Lu A@M*i e @**Lt uLh |i hi4L@* Lu @** |h@_i M@hhiht ? a@?@h)c bb Ai i*u@hi
igiU|t @ttLU@|i_ | |t @*|ih?@|i TL*U) @hi t}?U@?|c | i U@? @?_ N5 i*u@hi
ht?} M) @? @__|L?@* fHf @?_ ffS TihUi?|c hitTiU|i*)c Lih |i M@ti U@ti hiTLh|i_ ?
A@M*i  Aiti hit*|t t}}it|t |@| |i _)?@4U ui@|hit Lu |i Uhhi?| 4L_i* }i?ih@|i
i*u@hi igiU|t uLh i UL @?_ |i N5 |@| @hi Df TihUi?| *@h}ih |@? UL4T@h@M*i t|@|U
it|4@|it
}}hi}@|i igiU|t Lu |h@_i *Mih@*3@|L? Ai 4__*i T@?i* Lu A@M*i  hii@*t |i
@}}hi}@|i *L?}h? igiU|t Lu |h@_i *Mih@*3@|L?S ) t4*@|L?t t}}it| |@| |i |L
*Mih@*3@|L? tUi?@hLt *i@_ |L @? i T@?tL? Lu L|T|c ?it|4i?|c UL?t4T|L?c *@MLh
Lhtc @?_ |h@_i ? @** |hii Lh| 4ihU@? iUL?L4it 6A }i?ih@|it @? i T@?tL?
Lu |i Lh| 4ihU@? hi}L?c | i UL i?L)?} |i *@h}it| i T@?tL? |? |i
hi}L? N?_ih 6A i UL<t t|i@_) t|@|i }hLtt _L4it|U ThL_U| EB# t Thi_U|i_
|L hti M) Se TihUi?| N?_ih*)?} |t ?Uhi@ti_ L|T| t }hi@|ih U@T|@* @UU4*@|L?
@?_ ?Uhi@ti_ *@MLh igLh| At i T@?_i_ L|T| t @*tL hiiU|i_ ? ?Uhi@ti_ t|i@_) t|@|i
UL?t4T|L? Lu Hb TihUi?| @?_ _LM*i_}| ?Uhi@tit ? i TLh|t @?_ 4TLh|t L*4it
9P| vlpxodwlrq uhvxowv duh qrw gluhfwo| frpsdudeoh wr Pdqfkhvwhu dqg PfNleelq*v +4<<8, djjuhjdwh
g|qdplf vwxg| ri QDIWD ehfdxvh wkhlu h{shulphqw dvvxphv wkdw QDIWD h{rjhqrxvo| udlvhv wkh ohyho ri
Ph{lfdq wrwdo idfwru surgxfwlylw| +Dlw*v lq p| qrwdwlrq, e| 818 shufhqw ryhu d shulrg ri 44 |hduv1
.Ai 4L_i* Thi_U|t 6A ** @*tL *i@_ |L U@T|@* ?Lt |L i UL ih |i t4*@|L?
TihL_ i UL<t h@|L Lu ?i| uLhi}? @tti|t |L B# u@**t M)  TihUi?|@}i TL?|t wLL!?}
@UhLtt |i hL | t U*i@h |@| |i i U@? U@T|@* ?Lt @hi *@h}i*) _hi? M) U@T|@*
Lt uhL4 |i +` 6A @t @ t4@**ih 4T@U| L? |i N5c | N5 t|i@_) t|@|i
B# ht?} M) f22 TihUi?| N5 |h@_i t Thi_U|i_ |L hti M) @hL?_ D TihUi?| Lih |t
t|i@_) t|@|i *ii* Bi? |i t4@** L*4i Lu i U@?@?@_@? |h@_ic | t ?L| thTht?}
|@| 6A @t @ ?i}*}M*i 4T@U| L? |i @?@_@? iUL?L4)c | t|i@_) t|@|i L|T|
i TiU|i_ |L hti M) ff TihUi?| UULh_?} |L |i 4L_i*c 6A ** @i @ ?i}*}M*i
4T@U| L? |i +`
hL? i| @* Ebb2 _L ?L| hiTLh| |i @}}hi}@|i igiU|t Lu |ih |h@_i *Mih@*3@|L?
i Tih4i?|t L  @?_ O@hht Ebb2 @?_ L  Ebbe uLUt L? |i igiU|t Lu 6A L?
|i @?@_@? iUL?L4) L O@hht ?_ @t W _L |@| 6A @t @ ?i}*}M*i 4T@U| L?
@?@_@ N?_ih |i @tt4T|L? Lu  i_ U@T|@* t|LU!t @?_ @ 3ihL Uhhi?| @UUL?|c 5LM@h3L<t
Ebb2c bbe t4@** LTi? iUL?L4) 4L_i* Lu i UL Thi_U|t |@| 6A ** h@ti i U@?
t|i@_) t|@|i B# M) . TihUi?| At t *itt |@? Df TihUi?| Lu |i U@?}i Thi_U|i_ M)
4) _)?@4U 4L_i* ih@**c |i _hiU|L? Lu U@?}i Thi_U|i_ M) |i t|@|U @?_ _)?@4U
4L_i*t t |i t@4i OLiihc |i Thi_U|i_ t3i Lu |i 4T@U| ? t|@|U 4L_i*t t }i?ih@**)
t4@**ih |@? |i _)?@4U 4L_i* At t MiU@ti |i t|@|U 4L_i*t *4| |i Lh*_ U@T|@*
t|LU! |L |t Thi6A *ii* @?_ h*i L| ?|ih?@|L?@* U@T|@* Lt
6}hit 2e T*L| |i @}}hi}@|i |h@?t|L? T@|t Lu |i Lh| 4ihU@? iUL?L4it ?_ih
|i 6A TL*U) W? i@U U@ti | t U*i@h |@| h|@**) @** Lu |i @}}hi}@|i @_t|4i?| t
UL4T*i|i_ M) |i |4i |i TL*U) t u**) 4T*i4i?|i_ ? 2ffe Aiti }hit @*tL t}}it|
|@| |i @??L?Ui4i?| Lu 6Ac ? #iUi4Mih bb2c @_ @ t}?U@?| 4T@U| L? N5
@?_ i U@? iUL?L4U @U||) i** MiuLhi |t 4T*i4i?|@|L? _@|i ? a@?@h)c bbe
5iU|Lh@* igiU|t Lu |h@_i *Mih@*3@|L? Ai *Lih @*u Lu A@M*i  _itUhMit |i *L?}h?
igiU|t Lu 6A L? tiU|Lh@* @U||) Bhi@|ih _i|@* L? |i |h@?t|L? T@|t Lu tiU|Lh@*
@U||)c @?_ _t@}}hi}@|i_ i Ti?_|hi @?_ |h@_i Lt @hi hiTLh|i_ ? 6}hit D. L_i*
Ht4*@|L?t t}}it| |@| 6A ** @i @ ?i}@|i 4T@U| L? |i N5 @?_ @?@_@?
Th4@h) tiU|Lhtc U ?U*_it @}hU*|hi @?_ 4??}c | |i *ii* Lu }hLtt L|T| u@**?}
M) hL}*)  TihUi?| ? |i *L?}h? W? UL?|h@t|c |i 4L_i* Thi_U|t |@| 6A ** *i@_
|L @? i T@?tL? Lu @** ?L?Th4@h) @U||) ? |i N5 @?_ @?@_@c @?_ @? i T@?tL? Lu
@** i U@? tiU|Lht Ai }hit t}}it| |@| tiU|Lh@* @UU4*@|L?%hi@**LU@|L? Lu u@U|Lht
** |@!i hL}*) f )i@ht
5iU|Lh@* UL4T@htL?t Mi|ii? 4) Lh! @?_ |i t|@|U t|_it U|i_ @MLi @hi UL4T*
U@|i_ M) |i u@U| |@| 4) 4L_i* t }*) @}}hi}@|i_ ? UL4T@htL? |L t|@|U @?@*)tit
5TiUU@**)c hL? i| @*<t Ebb2 4L_i* @t 2b tiU|Lhtc *i |i 4L_i*t Lu L @?_ O@hht
Ebb2c L Ebbec @?_ 5LM@h3L Ebb2c bbe @i b tiU|Lht Ai L  O@hht @?_ 5L
M@h3L 4L_i*t Thi_U| @? i T@?tL? Lu @** @?@_@? @?_ i U@? tiU|Lht ?_ih 6A W?
UL?|h@t|c hL? i| @* ?_ |@| @** @?@_@? @?_ N5 tiU|Lht i T@?_ ?_ih 6Ac M|
L?*) @ ui 4@Lh ?_t|hit i T@?_ ? i UL }}hi}@|?} |ih hit*|t |L |i *ii* Lu |i
_)?@4U 4L_i* W ?_ t4*@h _hiU|L?t Lu U@?}ic M| |i U@?}it ? |i _)?@4U 4L_i*
@hi |)TU@**) *@h}ih |@? ? |i t|@|U 4L_i*t
L_i* t4*@|L?t t}}it| |@| 6A ** }hi@|*) i T@?_ |i L Lu @** }LL_t uhL4
@?@_@ @?_ |i N5 |L i UL @?_ uhL4 i UL |L |i N5 @?_ @?@_@ W? }i?ih@*c M*@|
ih@* i U@?Lh| 4ihU@? |h@_i t Thi_U|i_ |L ?Uhi@ti M) efSf TihUi?| W? UL?|h@t|c
|i 4L_i* Thi_U|t 6A ** @i @ ?i}*}M*i 4T@U| L? M*@|ih@* |h@_i Lt Mi|ii?
|i N5 @?_ @?@_@ @?_ Mi|ii? Lh| 4ihU@ @?_ |i +` Ai i T@?tL? Lu Lh|
4ihU@? |h@_i t _t|hM|i_ @UhLtt @** |h@_i_ }LL_t tiU|Lht h4@h) @?_ ?L?_h@M*i
4@?u@U|hi_ }LL_t Lt @hi i TiU|i_ |L }hL M) 4Lhi |@? _h@M*i 4@?u@U|hi_ }LL_t
Lt 6Lh i @4T*ic i U@? Th4@h) @?_ ?L?_h@M*i }LL_t i TLh|t hti M) hL}*) fef
TihUi?| Lu |ih Thi6A *ii*c *i i U@? _h@M*i 4@?u@U|hi_ }LL_t i TLh|t hti
M) hL}*) 2D TihUi?| Lu |ih Thi6A *ii*
bD 5i?t||) @?@*)tt
AL @| i |i?| @hi |i hit*|t ti?t|i |L |i T@h@4i|ih3@|L? Lu |i 4L_i*q W tL
|@| |i ^@*|@|i ui@|hit Lu |i hit*|t @hi *@h}i*) ?@h@?| |L |i ULUi Lu 4L_i*
T@h@4i|ihtG i UL @?_ |i N5 }@? uhL4 *Mih@*3@|L? uLh @** hi@tL?@M*i T@h@4i|ih3@
|L?t "@?||@|i*)c |i 4L_i* t ti?t|i |L |i _i}hii Lu tMt|||L? Mi|ii? L4i
@?_ uLhi}? }LL_t @?_ |i tTii_ @| U |h@_i *Mih@*3@|L? LUUht
,*@t|U|it Lu tMt|||L? Ai 4Lt| 4TLh|@?| T@h@4i|ih ? |h@_i *Mih@*3@|L? @?@*)
tt t |i i*@t|U|) Lu tMt|||L? Mi|ii? L4i @?_ 4TLh|i_ }LL_t A@M*i D hiTLh|t hi
t*|t uhL4 t4*@|L?t Lu |i 4L_i* t?} _gihi?| i*@t|U|it Lu tMt|||L? Mi|ii? L4i
@?_ uLhi}? }LL_t W? |i *iu| T@?i*c W hiTLh| |i 4L_i*<t hit*|t ?_ih |i ti| Lu i*@t|U|it
ti_ M) +L*@?_OL*t| @?_ +i?ih| Ebb @?_ 5LM@h3L Ebb2c U @hi U*Lti |L ?|) Lh
L?i |h_ Lu |i Mi?U4@h! i*@t|U|it At t 4) Thiuihhi_ ti| Lu i*@t|U|itc t?Ui |i)
@hi UL?tt|i?| | |i A i^@*i?| |@hg 4i@thit ti_ ? |i Uhhi?| @?@*)tt ?i
Lu |i ^@*|@|i ui@|hit Lu hi}L?@* uhii |h@_i @}hii4i?|t t |@| |i) 4TLti ^@*|)
t|@?_@h_t L? |h@_i_ }LL_t At Lh!t |L h@ti |i _i}hii Lu tMt|||@M*|) Mi|ii?
}LL_t |h@_i_ ? |i hi}L? W hitTL?_ |L |t ? |i h}| T@?i* M) h@t?} |i i*@t|U|) Lu
tMt|||L? Mi|ii? L4i @?_ uLhi}? }LL_t uhL4  |L f A@M*i D tLt |@| 4@?) Lu |i
@}}hi}@|i ui@|hit Lu |i 4L_i* @hi ti?t|i |L |t T@h@4i|ih ULUi wLih i*@t|U|it
Lu tMt|||L? hi_Ui |i i*u@hi }@?t uLh |i N5 @?_ i UL M) ff @?_ e TihUi?|
hitTiU|i*) U Lu |t U@?}i t _hi? M) |i ?i}@|i |ih4t Lu |h@_i igiU|t |@| L
uhL4 *Lih i*@t|U|it Lu tMt|||L? Ah@_i Lt @hi @*tL UL?t_ih@M*) t4@**ih ?_ih |t
T@h@4i|ih3@|L? W? UL?|h@t|c h@t?} |i i*@t|U|) Lu tMt|||L? Mi|ii? Lh| 4ih
U@? }LL_t h@tit |i i*u@hi }@?t uLh @** *Mih@*3?} UL?|hit N?_ih |t tUi?@hLc i UL
@?_ |i N5 L*_ }@? M) @? @__|L?@* D @?_ f TihUi?|c hitTiU|i*)c Lih |i M@ti
U@ti Ah@_i Lt @hi @*tL UL?t_ih@M*) }ih
2f_t|4i?| ULt|t A@M*i S |it|t |i 4L_i*<t ti?t||) |L tiU|Lh@* U@T|@* @?_ *@MLh
@_t|4i?| ULt|t Ai TTih T@?i* tLt |@| |i 4L_i*<t @}}hi}@|i *L?}h? Mi@Lh t
h|@**) ?U@?}i_ ? U@tit ihi |ihi @hi ?L tiU|Lh@* U@T|@* Lh *@MLh @_t|4i?| ULt|t
Ai tiU|Lh@* _@|@ hiTLh|i_ ? |i *Lih T@?i* t}}it|t |@| |i @_t|4i?| ULt|t @i |ih
}hi@|it| 4T@U| L? Th4@h) @U||)c U t i TiU|i_ t?Ui |@| tiU|Lh @t |i }it|
ULt|t Lu @_t|4i?| W? T@h|U*@hc *Lih tiU|Lh@* @_t|4i?| ULt|t h@ti |i L Lu U@T|@*
@?_ *@MLh ?|L i U@? Th4@h) L|T| @?_ L| Lu N5 @?_ @?@_@? Th4@h) @U||)
#L4it|U i*@t|U|it Lu tMt|||L? Aihi @hi @ _i h@?}i Lu it|4@|it uLh |i
i*@t|U|) tMt|||L? Mi|ii? @*i@__i_ @?_ 4@|ih@*t ? ThL_U|L? B, 4L_i*iht
|)TU@**) @tt4i wiL?|iu Lh ?i@hwiL?|iu ThL_U|L? u?U|L?t W ?_ |@| |t @TThL@U
t tTTLh|i_ M) i4ThU@* t|_it Etiic uLh i @4T*ic +@4i) bHbc U t}}it| |@| |i
i*@t|U|) Lu tMt|||L? Mi|ii? |iti u@U|Lht t U*Lti |L 3ihL |ih _)?@4U 4L_i*t tU
@t OL @?_ aLh}i?tL? Ebbec bbH @?_ UkMM? EbbH |*3i LMM#L}*@t ThL_U|L?
u?U|L?tc | @ ?| i*@t|U|) Lu tMt|||L? W |it| |i 4L_i*<t ti?t||) |L |t T@
h@4i|ih ULUi ? |i *iu| T@?i* Lu A@M*i . Ai *L?}h? Mi@Lh Lu |i 4L_i* @TTi@ht
|L Mi *@h}i*) ?@h@?| |L |t T@h@4i|ih ULUi W UL?_U| @ t4*@h i Tih4i?| ? |i
h}| T@?i*c M| ?L 4Li ? |i hiihti _hiU|L? M) *Lih?} |i i*@t|U|) Lu tMt|||L?
@UhLtt _gihi?| |)Tit Lu UL?t4ih ?L?_h@M*it @?_ ?it|4i?| }LL_t uhL4 ?|) |L fc tL
|@| |iti @}}hi}@|L? u?U|L?t @hi ?i@hwiL?|iu }@?c |i hit*|t @hi *@h}i*) ?@h@?|
|L |t T@h@4i|ih tTiUU@|L?
Ah@_i TL*Uit Ai ?@* ti| Lu i Tih4i?|tc @?_ |i 4Lt| ?|ihit|?} uhL4 @ TL*U)
TihtTiU|ic UL?t_ih _gihi?| tTii_t Lu |h@_i *Mih@*3@|L? W? |i ThiLt tiU|L? W
_tUtti_ |i i*u@hi 4T*U@|L?t Lu @ t|@|U TL*U) ? U @** M@hhiht @hi hi4Li_ @| |i
|4i |i 6A @}hii4i?| t t}?i_ W ?L |h? @||i?|L? |L @ ui@|hi Lu 6A |@|
@t @ !i) i*i4i?| Lu |i N5 TL*U) _iM@|i 5i?t|i N5 tiU|Lhtc tU @t |i @}hU*|hi
@?_ @|L4LM*i ThL_U|L? ?_t|h)c @h}i_ |@| |h@_i *Mih@*3@|L? L*_ @i @ t4@**ih
24T@U| L? |ih tiU|Lht u | @t T@ti_ ? Lih D )i@htc h@|ih |@? f )i@ht W? hitTL?ti |L
|t 6A @**Lt uLh @ t*Lih hi_U|L? Lu |h@_i M@hhiht L? @}hU*|h@* @?_ @|L4L|i
4TLh|t Ai h}| T@?i* Lu A@M*i e 4i@thit |i @}}hi}@|i @?_ tiU|Lh@* 4T*U@|L?t Lu
T@t?} ? 6A Lih @ D )i@h TihL_ Ai i*u@hi ULt| Lu Tht?} |t TL*U) t
f2e TihUi?| Lu Thi6A i U@? UL?t4T|L?c @?_ ff2 TihUi?| Lu Thi6A N5
UL?t4T|L? Ai *Lih T@?i* Lu A@M*i . t}}it| |@| |i *L?}h? tiU|Lh@* igiU|t @hi
*@h}i*) ?@h@?| |L TL*U) ULUi
6}hit Hf T*L| |i @}}hi}@|i |h@?t|L? T@|t Lu |hii TL*UitG |i Mi?U4@h!
6A TL*U)c 4T*i4i?|i_ ? a@?@h) bbe @?_ T@ti_ ? Lih f )i@ht EtL*_ *?i( |i
t|@|U TL*U)c _tUtti_ ? |i ThiLt tiU|L?c ? U |ihi t @ ff TihUi?| *Mih@*3@|L?
? a@?@h) bb EtL*__@ti_ *?i( @?_ |i D )i@h TL*U) t| _itUhMi_ E_@ti_ *?i W|
t U*i@h uhL4 |iti }hit |@| |i f @?_ D )i@h T@|t Lu @_t|4i?| @hi ih) t4*@h
Ai 4Lt| t}?U@?| _gihi?Ui t |@| @_t|4i?| |L |i D )i@h TL*U) t UL4T*i|i_ @u|ih
D h@|ih |@? f )i@ht Ai _gihi?Uit Mi|ii? |i f )i@h @?_ t|@|U TL*Uit @hi 4Lhi
_h@4@|U Ai LMLt _gihi?Ui t |i 4T@U| igiU| Lu |i TL*UitG L|T|c *@MLh Lhtc
?it|4i?|c |h@_i Lt @?_ |i |ih4t Lu |h@_i @** 4Li @*L?} @) |L@h_ |ih *L?}h?
TLt|L? ?_ih |i t|@|U TL*U) ? |i ht| )i@h Lu *Mih@*3@|L? ?L|ih ui@|hi Lu |iti
}hit t |@| |i UL?t4T|L? T@|t uLh |i N5 @?_ i UL @hi t}?U@?|*) }ih Lih
|i ht| f )i@ht Lu |i t4*@|L?t ?_ih |i t|@|U TL*U) At t U*i@h*) i_i?| ? |i
i*u@hi U@*U*@|L?t Lu A@M*i e U hii@* |i t}?U@?| }@?t |@| L uhL4 4Lhi h@T_
*Mih@*3@|L?
S L?U*tL?
6A t @ *@?_4@h! UL44ihU@* |h@_i TL*U) MiU@ti | t |i ht| u@hhi@U?} uhii |h@_i
@}hii4i?| Mi|ii? 4@Lh ?_t|h@* UL?|hit @?_ @ _ii*LT?} UL?|h) 54*@|L?t uhL4
4) _)?@4U 4L_i*c ?_ih @ _i ti| Lu T@h@4i|ihtc t}}it| |@| |i t|i@_) t|@|i }@?t
uhL4 |h@_i *Mih@*3@|L? @hi t}?U@?| uLh @** |hii Lh| 4ihU@? UL?|hit | |i t@4i
|4i 4) @?@*)tt 4T*it |@| |i |h@?t|L?@* ULt|t Lu 4L?} |L 6A @hi ?L?|h@*
22? M@*@?Ui |i _)?@4U @?@*)tt t}}it|t |@| @?@_@ ** i Tihi?Uit @ t4@** i*u@hi *Ltt
uhL4 *Mih@*3@|L?c *i |i N5 @?_ i UL ** i?L) 4L_it| i*u@hi }@?tc | |i
}hi@|it| }@?t @UUh?} |L i UL Ai _)?@4U @?@*)tt @*tL t}}it|t 6A }i?ih@|it
hi@* L|T| @?_ |h@_i L ?Uhi@tit |@| @hi *@h}ih |@? |Lti Thi_U|i_ M) ThiLt @?@*)tt
U hi*i_ L? t|@|U |h@_i 4L_i*t ) tiU|Lh@* @?@*)tt 4T*it |@| 6A ** *i@_
|L @? i T@?tL? Lu @** ?L?Th4@h) tiU|Lht ? @?@_@c i ULc @?_ |i N5 W? UL?|h@t|c
6A t i TiU|i_ |L @i @ ?i}@|i 4T@U| L? |i hi@* L|T| Lu @?@_@? @?_ N5
Th4@h) tiU|Lhtc M| t i TiU|i_ |L *i@_ |L @ t3@M*i i T@?tL? Lu Th4@h) @U||) ? i UL
At T@Tih @t |@!i? |i t|_) Lu 4*|*@|ih@* |h@_i *Mih@*3@|L? L?i t|iT uh|ih
M) M*_?} @ ^@?||@|i _)?@4U 4*|tiU|Lh |h@_i 4L_i* Lu |h@_ic U LihUL4it
4@?) Lu |i i@!?ittit ?ihi?| ? |h@_|L?@* 4*|tiU|Lh t|@|U @?@*)ttc tU @t  i_
U@T|@* t|LU!t @?_ 3ihL Uhhi?| @UUL?|t. Aihi @hi |L t}?U@?| *4|@|L?t L? |i
Uhhi?| @?@*)tt |@| u|hi Lh! 4t| @__hitt 6ht|c |i ?_ih*)?} }hL| h@|i Lu |i
_)?@4U 4L_i* iUL?L4) t i L}i?Lt @?_ U@??L| Mi ?i?Ui_ M) TL*U) 5iUL?_c At
@hi ?ULhTLh@|i_ ?|L |i ?4ihU@* @?@*)tt M) @) Lu |@hg i^@*i?| At 6|hi
Lh! 4t| hi4Li |iti *4|@|L?t M) _ii*LT?} _)?@4U |h@_i 4L_i*t |@| @**L uLh
i?_L}i?Lt }hL| @?_ i T*U| ^@?||) UL?t|h@?|t ?*) |i? ** i Mi ? @ TLt|L? |L
4i@thi |i |hi }@?t uhL4 4*|*@|ih@* uhii |h@_i @}hii4i?|t
:Vhh Nhkrh +4<<7, iru d wkrurxjk glvfxvvlrq ri wkh olplwdwlrqv wr fxuuhqw vwdwlf dqdo|vhv dqg wkh vwhsv
qhhghg wr ghyhors d vwdwh ri wkh duw g|qdplf prgho vxlwdeoh iru dqdo|}lqj iuhh wudgh djuhhphqwv1
2+iuihi?Uit
do @U!tc #kc a kiLi @?_ 6, k)_*@?_c bbDc W?|ih?@|L?@* Mt?itt U)U*itG Ai
Lh) @?_ i_i?Uic ?G A6 LL*i)c i_c 6hL?|iht Lu Mt?itt U)U*i hiti@hU Eh?Ui|L?
N?iht|) hittc h?Ui|L?c a
d2o @ |ihc c bb2c 6tU@* TL*U)c tTiU@*3@|L? @?_ |h@_i ? |i |L tiU|Lh 4L_i*G Ai
hi|h? Lu +U@h_Lqc aLh?@* Lu L*|U@* ,UL?L4) ffc ..ee
do @ |ihc c bbDc W?|ih?@|L?@* |h@_i @?_ Mt?itt U)U*itc ?G B BhLtt4@? @?_
k +L}Lgc i_tc O@?_MLL! Lu ?|ih?@|L?@* iUL?L4Utc VL*4i WWW ELh| OL**@?_c
4t|ih_@4
deo @ |ihc c @?_ a hU?c bbc , T*@??} t@?}?it|4i?| ULhhi*@|L?tc 4ih
U@? ,UL?L4U +ii Hc eSeS
dDo @ |ihc c @?_ a hU?c bbDc t?itt U)U*it @?_ |i @tti| t|hU|hi Lu uLhi}?
|h@_ic W?|ih?@|L?@* ,UL?L4U +ii Sc H2HDe
dSo hL?c #kc V #i@h_Lhgc @?_ +c 5|ih?c bb2c  Lh| 4ihU@? 6hii Ah@_i
}hii4i?|G ?@*)|U@* ttit @?_ @ UL4T|@|L?@* @ttitt4i?|c Ai `Lh*_ ,UL?L4)
Dc f
d.o L c #ac @?_ +B O@hhtc bb2c Lh| 4ihU@? uhii |h@_i @?_ |t 4T*U@|L?t uLh
@?@_@G +it*|t uhL4 @ B, L_i* Lu Lh| 4ihU@? |h@_ic Ai `Lh*_ ,UL?L4)
Dc ee
dHo L c #ac bbec 5L4i @TT*i_ }i?ih@* i^*Mh4 it|4@|it Lu |i 4T@U| Lu |i Lh|
4ihU@? 6hii Ah@_i }hii4i?| L? @?@_@G a6 6h@?ULt @?_ + 5i**tc i_tc
L_i*?} |h@_i TL*U)G TT*i_ }i?ih@* i^*Mh4 @ttitt4i?|t Lu Lh| 4ihU@?
uhii |h@_i E@4Mh_}i N?iht|) hittc @4Mh_}ic Nk
2edbo 6h@?ULtc a6c @?_ + 5i**tc bbec L_i*?} |h@_i TL*U)G TT*i_ }i?ih@* i^
*Mh4 @ttitt4i?|t Lu Lh| 4ihU@? uhii |h@_i E@4Mh_}i N?iht|) hittc @4
Mh_}ic Nk
dfo BL*_ihc wOc @?_  ,Ui?}hii?c bb2c Ah@_i *Mih@*3@|L? ? }i?ih@* i^*Mh4G
?|ih|i4TLh@* @?_ ?|ih?_t|h) igiU|tc @?@_@? aLh?@* Lu ,UL?L4Ut 2Dc 2D2Hf
do Bhii?@)c #c @?_ a `@**i)c bb2c Ai `Lh*_ ,UL?L4) VL* D E*@U!i**c  uLh_c
Nk
d2o OLc 5c @?_ #` aLh}i?tL?c bbec Ah@_i TL*U) @?_ N5 iUL?L4U }hL|c aLh?@*
Lu L*U) L_i**?} Sc beS
do OLc 5c @?_ #` aLh}i?tL?c bbHc L_i*?} |h@_i TL*Uit @?_ N5 }hL|G tL4i
4i|L_L*L}U@* ttitc O@h@h_ N?iht|) Lh!?} T@Tih
deo kiLic ac @?_ Aa kiLic bbec @T|h?} 6A<t 4T@U| | @TT*i_ }i?ih@*
i^*Mh4 4L_i*tc 6i_ih@* +itihi @?! Lu ??i@TL*t "@h|ih*) +ii 5Th?}c
.
dDo kiLic Aac bbec AL@h_ @ _)?@4U }i?ih@* i^*Mh4 4L_i* Lu Lh| 4ihU@?
|h@_i ?G a6 6h@?ULt @?_ + 5i**tc i_tc L_i*?} |h@_i TL*U)G TT*i_ }i?ih@*
i^*Mh4 @ttitt4i?|t Lu Lh| 4ihU@? uhii |h@_i E@4Mh_}i N?iht|) hittc
@4Mh_}ic Nk
dSo k?}c +Bc W *Lttihc @?_ 5A +iMi*Lc bHHc hL_U|L?c }hL| @?_ Mt?itt
U)U*it WG Ai M@tU ?iLU*@ttU@* 4L_i*c aLh?@* Lu L?i|@h) ,UL?L4Ut 2c bD22
d.o k?}c +Bc W *Lttihc @?_ 5A +iMi*Lc bbfc hL_U|L?c }hL| @?_ Mt?itt
U)U*itG AiU?U@* @TTi?_ c @?tUhT| EN?iht|) Lu +LUit|ihc +LUit|ihc v
dHo kLT@h|t@tc c bbSc Lh|5L| Mt?itt U)U*itc 6i_ih@* +itihi @?! Lu
U@}L `Lh!?} @Tih bSb E6i_ih@* +itihi @?! Lu U@}Lc U@}Lc Ww
2Ddbo kLT@h|t@tc c bb.c `) _L UL?|hit Thti M*@|ih@* |h@_i @}hii4i?|tq  U@ti
t|_) Lu Lh| 4ihU@ EThiLt*) ||*i_G `L*_ uhii |h@_i @i i4ih}i_ ? Lh|
4ihU@ |L| 6Aqc 6i_ih@* +itihi @?! Lu U@}L `Lh!?} @Tih b.2f
E6i_ih@* +itihi @?! Lu U@}Lc U@}Lc Ww
d2fo wt|}c c c LtLh|c @?_ +~ w@ihi?Uic bb2c Lh| 4ihU@? uhii |h@_iG
ttitt?} |i 4T@U| EAi hLL!?}t W?t|||L?c `@t?}|L?c #
d2o @?Uit|ihc ac @?_ `a UkMM?c bbDc Ai }*LM@* 4@UhLiUL?L4Ut Lu 6Ac
Ti? ,UL?L4it +ii Sc 2f22
d22o UkMM?c `ac bbHc +i}L?@* @?_ 4*|*@|ih@* |h@_i *Mih@*3@|L?G |i igiU|t L?
|h@_ic ?it|4i?| @?_ i*u@hic t|h@*@? @|L?@* N?iht|) Lh!?} T@Tih
d2o UkMM?c `ac @?_ a `*UL i?c bbDc Ai |iLhi|U@* @?_ i4ThU@* t|hU|hi Lu
|i BUMi_ 4L_i*c t|h@*@? @|L?@* N?iht|) Lh!?} T@Tih
d2eo +@4i)c Vc bHbc W?i?|Lhit @t u@U|Lht Lu ThL_U|L? @?_ iUL?L4U U|@|L?tc
4ihU@? ,UL?L4U +ii .bc HDe
d2Do +L*@?_OL*t|c #`c k +i?ih|c @?_ + 5i**tc bb2c Lh| 4ihU@? |h@_i *M
ih@*3@|L? @?_ |i hL*i Lu ?L?|@hg M@hhiht ?G N5 W?|ih?@|L?@* Ah@_i L44ttL?c
,UL?L4)_i 4L_i*?} Lu |i iUL?L4U 4T*U@|L?t Lu @ 6A | i UL @?_ @
6A | @?@_@ @?_ i ULc N5AW M*U@|L? 2DfHc D2DHf
d2So +L*@?_OL*t|c #`c k +i?ih|c @?_ + 5i**tc bbec  }i?ih@* i^*Mh4
@?@*)tt Lu Lh| 4ihU@? iUL?L4U ?|i}h@|L? ?G a6 6h@?ULt @?_ + 5i**tc
i_tc L_i*?} |h@_i TL*U)G TT*i_ }i?ih@* i^*Mh4 @ttitt4i?|t Lu Lh| 4ih
U@? uhii |h@_i E@4Mh_}i N?iht|) hittc @4Mh_}ic Nk
d2.o 5@|Lc kc bSbc  |L*ii* UL?t|@?|i*@t|U|)LutMt|||L? ThL_U|L? u?U|L?c +i
i Lu ,UL?L4U 5|_it ec 2f2H
2Sd2Ho 5LM@h3Lc O,c bb2c  }i?ih@* i^*Mh4 @?@*)tt Lu |i }@?t uLh i UL uhL4 @
Lh| 4ihU@? 6hii Ah@_i }hii4i?|c Ai `Lh*_ ,UL?L4) Dc Hff
d2bo 5LM@h3Lc O,c bbec Ai }@?t uLh i UL uhL4 @ Lh| 4ihU@? 6hii |h@_i }hii
4i?|G ? @TT*i_ }i?ih@* i^*Mh4 @ttitt4i?| ?G a6 6h@?ULt @?_ + 5i**tc
i_tc L_i*?} |h@_i TL*U)G TT*i_ }i?ih@* i^*Mh4 @ttitt4i?|t Lu Lh| 4ih
U@? uhii |h@_i E@4Mh_}i N?iht|) hittc @4Mh_}ic Nk
dfo 5i**tc +c @?_ k +i?ih|c bbc h4?}|L? 4L_i*t @?_ |ih4tLu|h@_i igiU|tG
5L4i iUL?L4i|hU i_i?Ui uLh Lh| 4ihU@c @?@_@? aLh?@* Lu ,UL?L4Ut 2Sc
2bbS
do 5Li?c ac @?_ a `@**i)c bb2c TT*)?} }i?ih@* i^*Mh4c E@4Mh_}i N?
iht|) hittc @4Mh_}ic Nk
2.Table 1
Benchmark model parameters





qc 0.23 0.29 0.21 0.20
1/h 1.00
wc consistent with expenditure share: 0.81
1/k 1.00
wc1 consistent with expenditure share: 0.01 0.08 0.01 0.01
wc2 consistent with expenditure share: 0.17 0.24 0.17 0.17





wi3 consistent with expenditure share: 0.52 0.41 0.52 0.52
wi4 consistent with expenditure share: 0.39 0.47 0.39 0.39





   q1 0.31 0.27 0.31 0.31
  a1 0.35 0.35 0.35 0.35
  wy1 consistent with cost share: 0.51 0.71 0.48 0.48
   a11 consistent with cost share: 0.23 0.31 0.40 0.40
   a12 consistent with cost share: 0.19 0.34 0.16 0.16
   a13 consistent with cost share: 0.06 0.13 0.05 0.05
   a14 consistent with cost share: 0.02 0.00 0.02 0.02
   a15 consistent with cost share: 0.49 0.21 0.37 0.37
  (fk1’’/fk1’)/ (k1/k) -1.50
  (fN1’’/fN1’)/ (N1/N) -0.02
 Non-Durable Manufacturing Sector
   q2 0.57 0.37 0.52 0.52
  a2 0.43 0.63 0.48 0.48
  wy2 consistent with cost share: 0.36 0.39 0.39 0.39
   a21 consistent with cost share: 0.26 0.37 0.23 0.23
   a22 consistent with cost share: 0.42 0.40 0.45 0.45
   a23 consistent with cost share: 0.05 0.04 0.06 0.06
   a24 consistent with cost share: 0.01 0.00 0.01 0.01
   a25 consistent with cost share: 0.26 0.19 0.25 0.25
  (fk2’’/fk2’)/ (k2/k) -10.00
  (fN2’’/fN2’)/ (N2/N) -10,000
 Durable Manufacturing Sector
   q3 0.68 0.43 0.68 0.68
  a3 0.32 0.57 0.32 0.32
  wy3 consistent with cost share: 0.36 0.43 0.43 0.43
   a31 consistent with cost share: 0.12 0.11 0.03 0.03
   a32 consistent with cost share: 0.06 0.10 0.10 0.10Table 1 (cont.)
Benchmark model parameters
Canada Mexico US ROW All
   a33 consistent with cost share: 0.59 0.51 0.57 0.57
   a34 consistent with cost share: 0.00 0.00 0.01 0.01
   a35 consistent with cost share: 0.22 0.28 0.29 0.29
  (fk3’’/fk3’)/ (k3/k) -10.00
  (fN3’’/fN3’)/ (N3/N) -10,000
 Construction Sector
   q4 0.73 0.70 0.66 0.66
  a4 0.27 0.30 0.34 0.34
  wy4 consistent with cost share: 0.47 0.50 0.47 0.47
   a41 consistent with cost share: 0.07 0.03 0.02 0.02
   a42 consistent with cost share: 0.10 0.09 0.08 0.08
   a43 consistent with cost share: 0.47 0.59 0.47 0.47
   a44 consistent with cost share: 0.00 0.00 0.00 0.00
   a45 consistent with cost share: 0.35 0.29 0.42 0.42
  (fk4’’/fk4’)/ (k4/k) -10.00
  (fN4’’/fN4’)/ (N4/N) -10,000
 Services Sector
   q5 0.52 0.40 0.67 0.67
  a5 0.48 0.60 0.33 0.33
  wy5 consistent with cost share: 0.62 0.80 0.66 0.66
   a51 consistent with cost share: 0.02 0.01 0.03 0.03
   a52 consistent with cost share: 0.15 0.18 0.12 0.12
   a53 consistent with cost share: 0.07 0.11 0.06 0.06
   a54 consistent with cost share: 0.04 0.08 0.06 0.06
   a55 consistent with cost share: 0.72 0.62 0.73 0.73
  (fk5’’/fk5’)/ (k5/k) -10.00




w1can consistent with expenditure share: 0.77 0.00 0.04 0.02
w1mexconsistent with expenditure share: 0.01 0.88 0.04 0.02
w1usa consistent with expenditure share: 0.13 0.06 0.80 0.07
w1row consistent with expenditure share: 0.09 0.06 0.12 0.90
Non-Durable Manufacturing
1/m2 3.00
w2can consistent with expenditure share: 0.80 0.00 0.02 0.00
w2mexconsistent with expenditure share: 0.00 0.87 0.01 0.00
w2usa consistent with expenditure share: 0.14 0.08 0.90 0.03
w2row consistent with expenditure share: 0.05 0.05 0.07 0.97
Durable Manufacturing
1/m3 3.00
w3can consistent with expenditure share: 0.50 0.01 0.06 0.01
w3mexconsistent with expenditure share: 0.01 0.61 0.02 0.00
w3usa consistent with expenditure share: 0.36 0.24 0.75 0.07
w3row consistent with expenditure share: 0.13 0.14 0.17 0.92Table 2
Levels of protection in North America prior to implementation of CFTA and NAFTA
Composite protection rates (tariffs and NTBs) Tariff rates
Primary products Primary products
Exporter Exporter
ROW U.S. Mexico Canada Importer ROW U.S. Mexico Canada Importer
0.27 0.61 0.20 Canada 0.00 0.01 0.01 Canada
0.72 0.81 0.80 Mexico 0.00 0.02 0.00 Mexico
0.77 0.88 0.61 U.S. 0.01 0.01 0.01 U.S.
Non-durable manufactured goods Non-durable manufactured goods
Exporter Exporter
ROW U.S. Mexico Canada Importer ROW U.S. Mexico Canada Importer
0.44 0.34 0.68 Canada 0.14 0.07 0.18 Canada
0.47 0.41 0.78 Mexico 0.10 0.05 0.04 Mexico
0.20 0.22 0.16 U.S. 0.10 0.05 0.04 U.S.
Durable manufactured goods Durable manufactured goods
Exporter Exporter
ROW U.S. Mexico Canada Importer ROW U.S. Mexico Canada Importer
0.31 0.26 0.25 Canada 0.04 0.02 0.04 Canada
0.22 0.13 0.01 Mexico 0.02 0.03 0.01 Mexico
0.28 0.07 0.39 U.S. 0.03 0.03 0.01 U.S.
Notes: Roland-Holst et al. (1994) report estimates for 26 sectors. Sectoral aggregates reported in this article are
weighted by 1992 import shares. ROW is rest of the world.
Source: Roland-Holst, Reinert and Shiells (1994)Table 3
Long-run effects of competing North American trade liberalization schemes
(percentage deviation from pre-NAFTA steady state)
Tariffs and Non-Tariff Barriers Tariffs only
ROW USA Mexico Canada ROW USA Mexico Canada Variable
Welfare effects
0.06 0.29 3.11 0.13 0.01 0.04 0.43 0.03    Steady state gain
0.07 0.15 1.24 0.17 0.01 0.03 0.20 0.03    Transitional cost
-0.01 0.15 1.88 -0.04 -0.01 0.02 0.23 -0.00    Net effect
Aggregate effects
-0.03 0.22 3.64 0.10 -0.00 0.03 0.91 0.01 Real GDP
0.04 0.38 3.89 0.17 0.00 0.05 0.68 0.03 Real consumption
-0.02 0.09 1.27 0.05 -0.00 0.01 0.40 -0.00 Labor hours
0.03 0.40 4.21 0.18 0.00 0.05 0.77 0.03 Real wage 
-0.04 0.46 5.79 0.16 -0.00 0.07 1.38 0.02 Capital stock
0.04 -0.00 -1.56 0.01 -0.00 -0.03 -0.35 -0.01 Real rental rate
0.21 3.49 26.04 0.62 0.00 0.57 4.42 0.12 Total imports
-0.84 3.85 30.85 0.62 -0.10 0.56 5.70 0.10 Exports to World
-0.79 -0.40 63.81 -0.15 -0.14 14.14    to Canada
-3.32 43.24 23.73 -0.23 7.22 3.78    to Mexico
-0.69 45.20 0.18 -0.08 7.66 0.05    to US
0.66 -11.06 1.09 0.02 -0.58 0.12    to ROW
0.13 -0.13 0.74 -0.28 0.00 0.00 0.03 -0.04 Terms of trade
0.74 -0.35 -13.45 0.97 0.13 0.00 -3.18 0.19 Net foreign assets/GDP
Sectoral effects
Primary
-0.39 -0.99 4.03 -0.55 -0.00 0.01 0.57 0.01   Output
-0.06 -0.01 1.41 -0.01 -0.00 0.00 0.39 -0.00   Labor hours
-0.94 -2.52 9.73 -1.34 -0.01 0.02 1.29 0.03   Capital stock
-6.57 10.73 32.89 -1.39 -0.07 0.35 0.34 0.04   Exports
Nondurable mfg.
-0.03 0.91 2.05 0.09 -0.01 -0.00 1.41 -0.06   Output
-0.06 0.63 -0.96 -0.05 -0.01 -0.04 0.77 -0.07   Labor hours
-0.04 1.02 3.71 0.18 -0.01 0.03 1.76 -0.04   Capital stock
-1.07 7.40 41.21 0.94 -0.08 0.60 10.56 0.11   Exports
Durable mfg.
-0.03 0.36 6.59 0.54 -0.02 0.07 1.86 0.04   Output
-0.04 0.20 4.06 0.45 -0.02 0.05 1.29 0.03   Labor hours
-0.02 0.62 8.28 0.64 -0.02 0.12 2.24 0.06   Capital stock
-0.53 -0.77 26.19 0.90 -0.14 -0.13 7.72 0.11   Exports
Construction
-0.02 0.26 4.35 0.10 -0.00 0.04 0.98 0.01   Output
-0.03 0.09 2.88 0.03 -0.00 0.01 0.64 0.01   Labor hours
-0.01 0.53 7.21 0.25 -0.00 0.08 1.65 0.03   Capital stock
  Exports
Services
-0.01 0.17 3.21 0.08 -0.00 0.03 0.68 0.01   Output
-0.02 0.01 0.48 -0.04 -0.00 0.00 0.05 0.00   Labor hours
-0.00 0.45 5.03 0.19 -0.00 0.08 1.11 0.03   Capital stock
  ExportsTable 4
Long-run effects of  NAFTA under different parameters (trade policies)
(deviation from benchmark model expressed as a percentage of pre-NAFTA steady state )
15 year liberalization 100% liberalization Jan 1993
ROW USA Mexico Canada ROW USA Mexico Canada Variable
Welfare effects
0.01 -0.01 -0.22 0.03 -0.04 0.05 0.70 -0.11    Steady state gain
0.01 0.00 0.02 0.03 -0.04 -0.02 -0.10 -0.09    Transitional cost
0.00 -0.02 -0.24 0.01 -0.00 0.06 0.80 -0.02    Net effect
Aggregate effects
-0.01 0.00 0.03 -0.01 0.02 -0.02 -0.14 0.02 Real GDP
0.00 -0.01 -0.16 0.02 -0.02 0.02 0.47 -0.06 Real consumption
-0.01 0.01 0.12 -0.01 0.02 -0.03 -0.38 0.05 Labor hours
0.00 -0.01 -0.13 0.01 -0.01 0.02 0.37 -0.05 Real wage 
-0.00 -0.00 -0.03 0.00 0.01 -0.00 0.05 -0.02 Capital stock
-0.00 0.01 0.04 -0.01 0.00 -0.01 -0.11 0.03 Real rental rate
0.09 -0.04 -0.35 0.03 -0.30 0.12 1.20 -0.10 Total imports
-0.10 0.05 0.42 -0.04 0.34 -0.16 -1.42 0.15 Exports to World
-0.05 0.05 0.49 0.17 -0.17 -1.66    to Canada
-0.42 -0.31 -0.38 1.41 1.07 1.30    to Mexico
-0.09 0.46 -0.06 0.29 -1.56 0.20    to US
0.09 0.31 0.01 -0.29 -1.04 -0.04    to ROW
0.04 -0.02 -0.14 0.02 -0.12 0.06 0.49 -0.06 Terms of trade
0.12 -0.10 -1.57 0.19 -0.38 0.34 5.15 -0.68 Net foreign assets/GDP
Sectoral effects
Primary
-0.01 0.00 0.07 -0.02 0.05 -0.02 -0.24 0.05   Output
-0.01 0.01 0.12 -0.02 0.03 -0.03 -0.39 0.06   Labor hours
-0.03 0.00 0.09 -0.03 0.09 -0.02 -0.37 0.08   Capital stock
-0.05 0.01 0.23 -0.00 0.15 -0.04 -0.75 0.01   Exports
Nondurable mfg.
-0.01 0.01 0.05 -0.02 0.03 -0.03 -0.20 0.07   Output
-0.01 0.01 0.16 -0.03 0.04 -0.05 -0.53 0.10   Labor hours
-0.01 0.00 -0.01 -0.01 0.02 -0.02 -0.04 0.03   Capital stock
-0.11 0.05 0.51 -0.06 0.37 -0.16 -1.72 0.20   Exports
Durable mfg.
-0.02 0.03 0.31 -0.04 0.08 -0.09 -1.04 0.14   Output
-0.03 0.03 0.42 -0.05 0.09 -0.11 -1.38 0.17   Labor hours
-0.02 0.02 0.23 -0.03 0.06 -0.07 -0.81 0.08   Capital stock
-0.07 0.05 0.52 -0.05 0.22 -0.15 -1.76 0.16   Exports
Construction
-0.00 0.00 0.00 0.00 0.01 -0.00 0.01 -0.01   Output
-0.00 0.01 0.06 -0.00 0.01 -0.01 -0.15 0.01   Labor hours
0.00 -0.01 -0.10 0.01 -0.00 0.01 0.30 -0.06   Capital stock
  Exports
Services
-0.00 -0.00 -0.04 0.00 0.00 0.00 0.09 -0.01   Output
-0.00 0.00 0.06 -0.01 0.01 -0.01 -0.19 0.02   Labor hours
0.00 -0.01 -0.10 0.01 -0.01 0.02 0.27 -0.05   Capital stock
  ExportsTable 5
Long-run effects of  NAFTA under different parameters (trade elasticities)
(deviation from benchmark model expressed as a percentage of pre-NAFTA steady state )
High elasticity of substitution Low elasticity of substitution
ROW USA Mexico Canada ROW USA Mexico Canada Variable
Welfare effects
0.11 0.32 2.79 0.05 -0.02 -0.11 -1.06 -0.04    Steady state gain
0.11 0.01 -0.65 0.02 -0.04 -0.01 0.27 -0.04    Transitional cost
-0.00 0.32 3.44 0.03 0.02 -0.10 -1.34 0.01    Net effect
Aggregate effects
-0.04 -0.14 -1.80 0.14 0.04 0.02 -0.35 0.02 Real GDP
0.09 0.18 1.44 0.15 -0.01 -0.08 -0.95 -0.03 Real consumption
-0.02 -0.15 -2.20 0.12 0.02 0.03 0.19 0.01 Labor hours
0.09 0.14 0.89 0.19 -0.00 -0.07 -0.90 -0.03 Real wage 
-0.09 -0.11 -1.58 0.13 0.07 0.00 -0.81 0.04 Capital stock
0.12 0.11 -0.02 0.07 -0.04 -0.03 0.33 -0.04 Real rental rate
-0.51 6.97 53.50 0.89 0.13 -2.04 -15.61 -0.24 Total imports
-2.42 7.71 60.44 1.24 0.73 -2.24 -18.39 -0.22 Exports to World
-1.42 -1.65 137.57 0.51 0.47 -40.59    to Canada
-13.98 93.00 48.45 3.76 -26.96 -14.05    to Mexico
-1.78 93.47 0.06 0.56 -28.03 0.10    to US
0.85 -36.21 3.03 -0.25 9.77 -0.66    to ROW
0.08 -0.02 0.34 -0.26 0.22 -0.01 -1.74 0.13 Terms of trade
1.43 -1.10 -17.63 -0.32 -0.64 0.33 10.96 -0.55 Net foreign assets/GDP
Sectoral effects
Primary
-1.29 -1.77 -2.00 -1.51 0.31 0.80 -0.22 0.52   Output
-0.12 -0.29 -2.28 -0.01 0.04 0.10 0.19 0.05   Labor hours
-3.13 -4.18 -3.78 -3.71 0.74 1.90 -0.74 1.25   Capital stock
-20.50 30.36 63.87 -3.47 5.08 -7.71 -19.07 1.13   Exports
Nondurable mfg.
0.00 0.73 -8.20 -0.21 0.05 -0.27 1.51 0.08   Output
-0.07 0.64 -9.34 -0.42 0.05 -0.22 2.35 0.13   Labor hours
-0.03 0.69 -7.68 -0.09 0.07 -0.27 1.05 0.08   Capital stock
-2.83 15.91 87.03 1.35 0.88 -4.63 -25.53 -0.40   Exports
Durable mfg.
0.11 -0.76 -2.49 1.59 0.03 0.11 -1.17 -0.24   Output
0.09 -0.83 -3.17 1.50 0.03 0.15 -0.53 -0.21   Labor hours
0.12 -0.65 -2.07 1.65 0.05 0.06 -1.58 -0.24   Capital stock
-0.42 -2.83 49.65 2.12 0.28 0.75 -15.66 -0.42   Exports
Construction
-0.04 -0.07 -1.28 0.07 0.04 0.01 -0.56 0.02   Output
-0.07 -0.13 -1.62 -0.04 0.03 0.04 -0.20 0.04   Labor hours
-0.03 -0.01 -0.67 0.26 0.05 -0.04 -1.27 -0.01   Capital stock
  Exports
Services
-0.01 -0.04 -0.41 0.05 0.02 0.00 -0.55 0.01   Output
-0.03 -0.09 -0.95 -0.11 0.01 0.03 0.11 0.04   Labor hours
0.00 0.02 -0.06 0.19 0.04 -0.04 -0.99 -0.01   Capital stock
  ExportsTable 6
Long-run effects of  NAFTA under different parameters (sectoral adjustment costs)
(deviation from benchmark model expressed as a percentage of pre-NAFTA steady state )
No sectoral labor adj costs No sectoral capital adj costs
ROW USA Mexico Canada ROW USA Mexico Canada Variable
Welfare effects
-0.00 0.01 -0.13 0.02 -0.00 0.01 -0.06 0.01    Steady state gain
-0.00 0.01 -0.13 0.01 0.00 0.00 -0.06 0.00    Transitional cost
-0.00 0.01 -0.00 0.01 -0.00 0.00 -0.00 0.01    Net effect
Aggregate effects
-0.01 -0.03 0.01 -0.04 -0.00 -0.01 0.08 -0.02 Real GDP
-0.01 -0.01 -0.09 -0.02 -0.01 -0.01 -0.03 -0.01 Real consumption
-0.01 -0.03 0.07 -0.04 -0.01 -0.01 0.05 -0.02 Labor hours
-0.02 -0.02 -0.07 -0.02 -0.01 -0.01 -0.01 -0.01 Real wage 
0.00 -0.03 -0.03 -0.04 -0.00 -0.01 0.11 -0.03 Capital stock
-0.03 -0.03 0.02 -0.02 -0.02 -0.02 -0.06 -0.01 Real rental rate
-0.03 -0.01 0.32 -0.04 -0.01 -0.00 0.15 -0.02 Total imports
0.01 -0.08 0.74 -0.14 -0.01 -0.04 0.53 -0.08 Exports to World
-0.01 -0.04 -0.04 -0.01 -0.02 0.16    to Canada
0.24 0.36 0.25 0.11 0.18 0.11    to Mexico
-0.01 0.00 -0.10 -0.01 0.17 -0.06    to US
-0.15 2.78 -0.25 -0.07 1.51 -0.14    to ROW
-0.04 0.03 -0.09 0.07 -0.02 0.02 -0.09 0.04 Terms of trade
-0.00 0.06 -0.82 0.08 0.01 0.03 -0.70 0.07 Net foreign assets/GDP
Sectoral effects
Primary
-0.03 -1.01 1.90 -0.18 -0.04 -0.50 1.04 -0.12   Output
-0.72 -4.09 6.69 -1.46 0.00 -0.00 0.06 -0.01   Labor hours
0.47 0.50 0.30 0.61 -0.16 -1.54 2.97 -0.43   Capital stock
0.60 -1.85 4.05 -0.28 0.25 -0.90 2.19 -0.18   Exports
Nondurable mfg.
-0.05 -0.11 0.03 -0.10 -0.03 -0.04 -0.01 -0.07   Output
-0.03 -0.06 -0.29 -0.04 -0.03 -0.08 0.20 -0.06   Labor hours
-0.04 -0.12 0.16 -0.13 -0.02 0.03 -0.17 -0.05   Capital stock
-0.02 -0.08 -0.34 -0.11 -0.03 0.00 -0.32 -0.09   Exports
Durable mfg.
-0.02 0.07 -0.68 -0.13 -0.01 0.03 -0.09 -0.07   Output
-0.01 0.10 -0.99 -0.09 -0.01 0.01 -0.14 -0.08   Labor hours
-0.03 0.02 -0.47 -0.17 -0.00 0.07 -0.06 -0.03   Capital stock
-0.08 0.06 -1.10 -0.12 -0.04 0.02 -0.29 -0.06   Exports
Construction
-0.00 -0.01 -0.15 -0.02 -0.00 -0.00 0.07 -0.02   Output
0.01 0.02 -0.31 0.01 -0.00 -0.02 0.08 -0.02   Labor hours
-0.01 -0.05 0.15 -0.08 0.01 0.03 0.05 -0.00   Capital stock
  Exports
Services
0.00 0.00 -0.22 -0.00 0.00 0.00 -0.08 -0.00   Output
0.01 0.03 -0.50 0.04 -0.00 -0.01 0.07 -0.00   Labor hours
-0.01 -0.04 -0.03 -0.05 0.01 0.03 -0.17 0.00   Capital stock
  ExportsTable 7
Long-run effects of  NAFTA under different parameters (domestic elasticities)
(deviation from benchmark model expressed as a percentage of pre-NAFTA steady state )
Near leontief preferences Cobb Douglas production
ROW USA Mexico Canada ROW USA Mexico Canada Variable
Welfare effects
-0.01 0.03 -0.08 0.04 -0.01 0.03 -0.08 0.04    Steady state gain
-0.01 0.01 -0.06 0.01 -0.01 0.01 -0.06 0.01    Transitional cost
-0.00 0.02 -0.02 0.04 -0.00 0.02 -0.02 0.04    Net effect
Aggregate effects
-0.00 -0.08 0.05 -0.05 -0.00 -0.08 0.05 -0.05 Real GDP
-0.02 -0.05 -0.09 -0.01 -0.02 -0.05 -0.09 -0.01 Real consumption
-0.01 -0.08 -0.02 -0.07 -0.01 -0.08 -0.02 -0.07 Labor hours
-0.02 -0.06 -0.10 -0.03 -0.02 -0.06 -0.10 -0.03 Real wage 
0.01 -0.10 0.10 -0.03 0.01 -0.10 0.10 -0.03 Capital stock
-0.04 -0.04 0.02 -0.04 -0.04 -0.04 0.02 -0.04 Real rental rate
0.05 0.24 1.12 0.10 0.05 0.24 1.12 0.10 Total imports
0.17 0.10 1.71 -0.02 0.17 0.10 1.71 -0.02 Exports to World
0.03 0.12 1.09 0.03 0.12 1.09    to Canada
0.96 1.23 0.96 0.96 1.23 0.96    to Mexico
0.14 1.47 0.05 0.14 1.47 0.05    to US
-0.03 2.42 -0.26 -0.03 2.42 -0.26    to ROW
-0.03 0.02 -0.24 0.13 -0.03 0.02 -0.24 0.13 Terms of trade
-0.06 0.19 -0.84 -0.03 -0.06 0.19 -0.84 -0.03 Net foreign assets/GDP
Sectoral effects
Primary
0.24 0.75 2.03 0.38 0.24 0.75 2.03 0.38   Output
0.01 -0.01 -0.03 -0.02 0.01 -0.01 -0.03 -0.02   Labor hours
0.77 1.90 -0.10 1.19 0.77 1.90 -0.10 1.19   Capital stock
2.91 -2.22 4.18 0.85 2.91 -2.22 4.18 0.85   Exports
Nondurable mfg.
-0.04 0.14 1.94 0.01 -0.04 0.14 1.94 0.01   Output
-0.05 -0.37 1.62 -0.10 -0.05 -0.37 1.62 -0.10   Labor hours
-0.05 -0.41 1.39 -0.14 -0.05 -0.41 1.39 -0.14   Capital stock
0.13 0.15 0.80 -0.03 0.13 0.15 0.80 -0.03   Exports
Durable mfg.
-0.04 0.22 1.43 -0.19 -0.04 0.22 1.43 -0.19   Output
-0.04 0.05 0.38 -0.29 -0.04 0.05 0.38 -0.29   Labor hours
-0.04 -0.03 0.27 -0.31 -0.04 -0.03 0.27 -0.31   Capital stock
-0.15 0.20 0.36 -0.18 -0.15 0.20 0.36 -0.18   Exports
Construction
0.00 -0.03 0.13 -0.02 0.00 -0.03 0.13 -0.02   Output
-0.00 -0.17 -1.49 -0.09 -0.00 -0.17 -1.49 -0.09   Labor hours
-0.01 -0.22 -1.44 -0.13 -0.01 -0.22 -1.44 -0.13   Capital stock
  Exports
Services
-0.00 -0.01 0.21 0.00 -0.00 -0.01 0.21 0.00   Output
-0.00 -0.07 0.07 -0.00 -0.00 -0.07 0.07 -0.00   Labor hours
-0.01 -0.13 -0.02 -0.05 -0.01 -0.13 -0.02 -0.05   Capital stock
  ExportsFigure1
Model flow diagram for a representative country
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Aggregate Effects of NAFTA on Mexican Economy
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Aggregate Effects of NAFTA on U.S. Economy
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Effects of NAFTA on Canadian Economy
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percentage deviation from steady state percentage deviation from steady state
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Effects of NAFTA on Mexican Economy
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Effects of NAFTA on U.S. Economy
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Aggregate effects of trade liberalization on Canadian Economy
Consumption Gross domestic product
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Aggregate effects of trade liberalization on Mexican Economy
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Aggregate effects of trade liberalization on U.S. Economy
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